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1.1  General introduction
Oral health is an integral part of general health and can contribute significantly to the 
physical, psychological and social well-being of a person. It is based on adequate oral 
function and absence of disease. (Glick et al. 2016) However, half of the world’s population 
suffers from untreated oral conditions, affecting a total of 3.5 billion people in 2015. 
(Kassebaum et al. 2017) Dental diseases produce large societal costs, both in terms of 
treatment costs and losses to productivity. For the European Union for example, dental 
diseases led to treatment costs of $ 100 billion (€92 billion) and productivity losses of $ 57 
billion (€52 billion) in 2015. (Listl et al. 2015; Righolt et al. 2018) Therefore, the production 
and application of evidence-based policies are a significant goal for publicly funded health 
systems.
In this context, one of the fundamental principles for good clinical practice is to base 
all treatment decisions on highest-quality scientific data. The evidence gained through 
scientific investigation should aid dental professionals in assessing the benefits and 
harms of alternative care options and optimizing patient care. However, determining 
whether data meet these conditions is difficult. Designs for clinical studies have a great 
variation in possibilities and it needs to be assessed which study design can be used for 
what purpose. (Frieden 2017)
In large, well-designed trials, randomization evenly distributes known and unknown 
factors among control and intervention groups, reducing the potential for confounding. 
Considering that randomized controlled trials (RCTs) have long been presumed to 
be the ideal source for data on the effects of treatment (Bothwell et al. 2016), several 
controlled trials have been performed in operative dentistry (Burke et al. 2017; van 
Dijken and Pallesen 2017; Ali et al. 2018). Usually undertaken by academic institutions, 
these studies have answered specific and closed questions about restorative materials 
and techniques, such as indirect versus direct restorations, new materials versus gold 
standard materials, i.e they addressed more the potential of test materials and procedures 
rather than their effectiveness in everyday clinical practice. Due to the constant market 
launch of new restorative materials and the need for manufacturers to prove their good 
clinical performance, most clinical studies have used short-term follow-ups, with a 
limited number of restorations mainly performed in low-risk patients. In these studies, 
differences in performance are rarely encountered, since most materials perform well 
in short-term follow-ups (Demarco et al. 2012). In addition, in some clinical studies in 
which patients were not particularly selected for inclusion, it was observed that failures 
occurred preferentially in a subset of patients. Patient related factors such as caries risk 
and bruxism have been reported as the main factors associated with failure for composite 
resin restorations and were also found to influence restoration survival in retrospective 
studies (Van de Sande et al. 2013). Thus, it is clear that investigations on restoration 
survival should include patient factors in the analysis, to assist with the process of basing 
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clinical decision making on more predictable outcomes and also for patient awareness. 
Therefore, although they can have strong internal validity, RCTs sometimes lack external 
validity; generalizations of findings outside the study population may be invalid (Rothwell 
2005; Chavez-MacGregor and Giordano 2016). These limitations and the fact that RCTs 
often take years to plan, implement, and analyze reduce the ability of RCTs to keep pace 
with clinical innovations and standards of care are often developed before earlier models 
complete evaluation. 
Many other data sources can provide valid evidence for clinical and public health action. 
There is a rise of so-called practice-based studies that attempt to collect data from general 
practices, but at the same time include the risk to be flawed by untrained (specifically 
in research methodology) practitioners in placement, management, and assessment. 
In such a study design, using (the reports or decisions of) untrained practitioners, 
the evaluation of restorations following standard criteria (e.g., USPHS or FDI) (Hickel 
et al. 2013) seems to be unfeasible.. As an alternative, some retrospective studies have 
complemented the data collected from the electronic patient files with additional checks 
by researchers on site, reducing evaluation bias and allowing restorations to be evaluated 
according to standardised and controlled protocols. However, this seriously reduces the 
volume of data that can be collected, and also the timespan that can be covered. Practice 
based studies have the capacity to provide data over extended observation times on 
large numbers of restorations placed by general practitioners. These trials seek different 
outcomes (oftentimes less standardized and granular than RCTs), which merit more 
detailed consideration for their validity, sensitivity and reliability in guiding practitioners 
in primary care settings. Furthermore, factors taking long periods of time to show their 
effect on restoration survival are probably more suitable for practice-based research in 
which patients are usually not particularly selected. 
In conclusion, systematic reviews have shown that restorations, direct or indirect, present 
good clinical performance, with annual failure rates ranging from 1% to 12% (Manhart 
et al. 2004; Demarco et al. 2012; Heintze and Rousson 2012; Opdam et al. 2014), but 
their reported failure types are often different from the types of failures that are found 
in general practice. Moreover, replacement of restorations is still very frequent in public 
and private practices. Dentists spend a significant amount of their clinical time replacing 
restorations, which can represent a high individual financial cost and for health systems. 
As regular oral healthcare is delivered in general practices it is also interesting to see what 
is happening there.
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1.2  Aims of this PhD Research
Considering the variability of designs available for practice based research studies in 
restorative dentistry and the different outcomes that they can provide, the aims of this 
PhD research are:
–  What is the survival of restorations when dentist report when they place a specific 
restoration? (chapter 2)
–  What is the survival of restorations when data are collected from the electronic patient 
files? (chapter 3)
–  What is the survival of restorations when data are collected from the electronic patient 
files and additionally checked by researchers on site? (chapter 4)
–  What is the quality of restorations when data are collected from patients that are 
included in a birth cohort study? (chapter 5)
– What are advantages and disadvantages of several PBR study designs (chapter 6)
–  What recommendations can be made for future design for clinical studies on 
restoration longevity? (chapter 6)
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CHAPTER 2 
A practice-based research network 
on the survival of ceramic inlay/onlay 
restorations
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Abstract
Objective  To evaluate prospectively the longevity of ceramic inlay/onlay restorations 
placed in a web-based practice-based research network and to investigate risk factors 
associated with restoration failures.
Materials and methods  Data were collected by a practice-based research network called 
Ceramic Success Analysis (CSA). 5791 inlay/onlay ceramic restorations were placed in 
5523 patients by 167 dentists between 1994 and 2014 in their dental practices. For each 
restoration specific information related to the tooth, procedures and materials used were 
recorded. Annual failure rates (AFRs) were calculated and variables associated with failure 
were assessed by a multivariate Cox-regression analysis with shared frailty.
Results  The mean observation time was 3 years (maximum 15 years) of clinical service, 
and AFRs at 3 and 10 years follow up were calculated as 1.0% and 1.6%. Restorations with 
cervical outline in dentin showed a 78% higher risk for failure compared to restorations 
with margins in enamel. The presence of a liner or base of glass-ionomer cement resulted 
in a risk for failure twice as large as that of restorations without liner or base material. 
Restorations performed with simplified adhesive systems (2-step etch-and-rinse and 
1-step self-etch) presented a risk of failure 142% higher than restorations performed with 
adhesives with bonding resin as a separate step (3-step etch-and-rinse and 2-step self-
etch). 220 failures were recorded and the most predominant reason for failure was fracture 
of the restoration or tooth (44.5%).
Conclusions  Ceramic inlay/onlay restorations made from several glass ceramic materials 
and applied by a large number of dentists showed a good survival. Deep cervical cavity 
outline, presence of a glass ionomer lining cement, and use of simplified adhesive systems 
were risk factors for survival.
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1  Introduction
Restorative work is the core business of dentistry. It is estimated that every year 500 
million dental direct restorations are placed worldwide (Zochbauer, 2011), of which most 
are composite resin restorations (Burke et al. 2001). Restorations are placed due to caries, 
fractures, or tooth wear, and a high number of restorative procedures is indicated to 
replace restorations that have failed (Deligeorgi et al. 2001; Heintze and Rousson 2012). 
As an alternative for direct restorations, indirect restorations may be placed using metal, 
composite, and/or ceramic restorative materials. Indirect inlay/onlay restorations provide 
more control over shape and function, particularly in larger defects in posterior teeth. Due 
to increased esthetic demands by patients, it is likely that most indirect restorations are 
currently made from ceramic materials.
Indirect ceramic restorations can be made either by a dental technician in the laboratory 
or by using CAD/CAM systems to make chairside restorations in a single session. 
Longevity reports vary between 0 and 7.5% annual failure rate (AFR) for ceramic inlays/
onlays (Manhart et al. 2004), while for chairside fabricated restorations (in this case the 
CEREC® system) this is between 0.8% and 4.8% AFR (Wittneben et al. 2009). Indirect 
ceramic restorations have shown comparable or slightly better clinical performance than 
direct composite restorations, especially when taking into account the fact that indirect 
restorations are generally larger (Manhart et al. 2004; Fron Chabouis et al. 2013).
The procedure of placing indirect inlay/onlay restorations includes many steps and a wide 
variation of ceramic materials and luting cements can be used. Some factors related to the 
materials, such as ceramic properties or characteristics of the adhesive luting technique, 
have been investigated extensively in vitro (Frankenberger et al. 2009; Magne and Knezevic 
2009; Magne et al. 2011). Clinical studies with limited sample size also have shown the 
influence of factors related to patients and operators on the clinical outcome of ceramic 
inlays/onlays (Schulz et al. 2003; Stoll et al. 2007; Frankenberger et al. 2009; van Dijken and 
Hasselrot 2010). However, there is a lack of clinical studies analysing the combined role of 
different risk factors on restoration longevity and performance, where each factor might be 
compensating for another. For such study design, a large sample size is mandatory, which 
is usually hard to achieve in randomized controlled trials (RCTs).
While RCTs allow us to investigate differences between therapies or materials under 
ideal circumstances, the general dental practitioner is also interested in the outcome of 
a therapy under ‘real world’ conditions, i.e. where restoration, patient and practice level 
factors together influence the results. The sheer number of variables involved in a general 
practice setting requires a very large number of restorations in a dataset, in order to 
support a multivariate statistical approach (Pallesen et al. 2013; Opdam et al. 2014). The 
possibilities of digital data collection offer new opportunities in this respect. In Germany, 
the initiative was taken in 1994 to start with a longevity survey on indirect ceramic inlay/
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onlay restorations, mainly using the CEREC system. Since 2008 available as an online 
platform, dentists can join this group with a certain amount of restorations for which data 
are uploaded on a website. This resulted in a large data set with information on inlay/onlay 
restorations placed routinely by dental practitioners and followed up for several years.
The aim of this study was to evaluate prospectively the longevity of ceramic inlay/onlay 
restorations placed in a webbased practice-based research network and to investigate risk 
factors associated with restoration failures.
2  Materials and methods
2.1  Practice-based research network
Data for this study were collected by a practice-based research network called Ceramic 
Success Analysis (CSA). Starting in 1994, the Society for Dental Ceramics (SDC) in Germany 
invited dentists to make specific recordings on all single ceramic restorations (inlays, 
onlays, and crowns) that were placed in their dental practices, including CAD-CAM 
chairside fabricated restorations and restorations manufactured by dental laboratories. In 
general, dentists who were enrolled in specific continuing education or training courses, 
especially on CAD-CAM restorations, were invited to join the network and introduce data 
from their restorations into the database. For becoming a member of the CSA project, each 
dentist was required to accept security and data protection conditions and had to follow 
protocols to include cases into the system. Between 1994 and 2007, the dentists used a 
Microsoft Access programmed databank and sent the data regularly via disc to the SDC. 
From 2008 onward, data collection was carried out via an internet platform (www.csa-
online.net) in several languages, allowing dentists from other countries also to join the 
network. In total, 167 dentists from six countries (161 from Germany, 2 from Chile, 1 from 
China, 1 from Spain, 1 from France, and 1 from USA), uploaded data until 2014 on almost 
6000 inlay/onlay restorations. Information on operator experience was not collected on 
this study.
2.2  Data recording
Originally, each professional could initially take part of the study with 50 cases, with a 
limit of one restoration per patient. Recently, including more than one restoration 
per patient into the dataset has been made possible. For all restorations recorded data 
included information such as date of treatment, type of restoration, surfaces included 
in the preparation, and materials used. Follow up was documented during regular check-
up visits in the practice or when a problem occurred. Therefore, this study was a non-
interventional trial, which according to guidelines for good clinical practice (Clinical trials 
– Directive 2001/20/EC), was not subject to Medical Ethical Committee approval. Patient 
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and operator characteristics were analyzed anonymously according to privacy legislation. 
Dentists placed the restorations using the protocol they considered appropriate for each 
case with informed consent of the patient. The choice for specific materials, brands, and 
techniques was at the discretion of the operators.
2.3  Data analysis
The variables that were recorded by the dentists are listed in Table 1 (variables related to 
teeth and restorative procedures) and Table 2 (variables related to materials used). Both 
tables show description of the variable, categorization (when applied), and distribution 
of inlays/onlays in different variable groups. For adhesives, resin-based luting agents, and 
ceramics used in the restorative procedure, the dentist recorded the name and brand of 
products. For the analysis, each material was categorized (Table 2) according to ceramic 
type, ceramic processing technique, adhesive system, and polymerization characteristic 
of resin-based luting agents. All restorations with missing data for variables (except for 
patient age) were excluded from the analysis.
During the observation period, patients attended the same dental practice and 
maintained routine visits according to their dental treatment needs, without visiting 
other dentists during the period. In the check-up visits, or when a problem occurred, 
the restorations were inspected by the dentist in the practice, usually the same person 
that placed the restoration. When a dentist considered the restoration as clinically 
unacceptable, i.e. needing intervention, it was considered a failure and date and reason 
for failure were recorded. As only some dentists also recorded the type of intervention for 
failed restorations, this information was not included in the study. The date of the last 
check-up visit was recorded as the censoring date for restorations still in place without 
failure.
Statistical analyses were performed using STATA 12 software package (StataCorp LP; College 
Station, TX, USA). Descriptive statistics was used to report the frequency distribution 
of restorations by independent variables and reasons for failure. Annual failure rates 
(AFRs) were calculated from life tables according to the formula: (1 − y)z = (1 − x), in which 
“y” expresses the mean AFR and “x” the total failure rate at “z” years. The proportional-
hazards test was assessed for each variable. Variables associated with failure were 
assessed by a multivariate Cox-regression analysis with shared frailty, taking into account 
that observations within the same group (dentist) are correlated, sharing the same frailty. 
Hazard ratios (HRs) with respective 95% confidence intervals (CIs) were determined. A 
significance level of 5% was considered for all analyses.
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Table 1 – Distribution of ceramic inlay/onlay restorations according to tooth/restoration variables (N = 5791).
Variable Description Outcome N %
Tooth Type of restored tooth Molar 3793 65.5
Premolar 1998 34.5
Number of restored
surfaces
Number of tooth surfaces included in  
the restoration
1
2
205
1359
3.5
23.5
3 2256 39.0
>4 1971 34.0
Endodontic treatment Presence of endodontic treatment Yes 391 6.8
Cavity outline Cervical margins of restoration Enamel 3162 54.6
Dentin 2629 45.4
Use of liner or base Liner or base material None 4856 83.9
Glass-ionomer 410 7.1
Composite 344 5.9
Others 181 3.1
Rubber dam Use of rubber dam during cementation Yes 3732 64.4
Matrix Matrix used during cementation Yes 3147 54.3
Silane Silane applied to ceramic Yes 5542 95.7
Ultrasonic cementation Use of ultrasonic device for cementation Yes 3420 59.1
Dental flossing Use of dental floss to remove excess luting 
agent
Yes 3603 62.2
Oxygen-blocking Use of oxygen-blocking gel before cement 
photoactivation
Yes 2412 41.7
Eva instrument Use of Eva oscillating instrument for 
 finishing interproximal or cervical  
restoration areas
Yes 575 9.9
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Table 2 – Distribution of ceramic inlay/onlay restorations according to materials variables (N = 5791).
Variable Materials used Outcome N %
Ceramic FP: CEREC Block C In (Sirona); VITABLOCS® TriLuxe forte, Ceramic type
VITABLOCS® RealLife, VITABLOCS® TriLuxe, VITABLOCS® Mark Feldspathic porcelain (FP) 4475 77.3
II (VITA) Leucite glass-ceramic (LEU) 1076 18.6
LEU: HeraCeram, HeraCeramSun (Heraeus); IPS Empress CAD, Lithium dissilicate glass- 
ceramic (LD)
240 4.1
IPS Empress Esthetic, ProCAD (Ivoclar); OPC press (Jeneric
Pentron); Imagine PressX (Wieland)
LD: IPS e.max CAD, IPS Empress, IPS e.max Press (Ivoclar) Processing technique
Monolithic restoration 5689 98.2
Veneered restoration 102 1.8
Adhesive Separate: Xeno III (Dentsply); AdheSE DC, Syntac Classic; Use of separate bonding resin
Multilink Automix system (Ivoclar); Clearfil SE Bond; Panavia
F2.0 system (Kuraray); Contax Bond, LuxaBond (DMG);
OptiBond FL (Kerr); AdperTM ScotchbondTM MP (3M ESPE)
Simplified: One-Step Plus (Bisco); A.R.T. Bond (Coltene); Adhesive 
(Cumdente); Adper Scotchbond 1 XT, Pertac Universal Bond, AdperTM 
PromptTM, ScotchbondTM Universal Adhesive (3M ESPE); CharmBond 
(DentKist); Prime & Bond 2.1, Prime&Bond NT, XP Bond (Dentsply), 
ExciTE F (Ivoclar); Futurabond DC (Voco); G-BOND (GC); GLUMA® 
2 Bond, I-BOND Total Etch (Heraeus); OptiBond Solo Plus (Kerr); 
Permaflow DC(Ultradent); VITA A.R.T. Bond (Vita)
Separate bonding resin (3-step 
total-etch or 2-step self-etch 
adhesives)
Simplified adhesive (2-step 
total-etch or 1-step self-etch 
adhesives)
Othera
4711
845
235
81.4
14.6
4.1
Resin-based Photoactivated: Adaptic LC (Johnson & Johnson); ApaFill, Polymerization mode
luting agent ApaFlow (Cumdente); Brilliant NG, Synergy Nano Formula Photoactivated luting agent 3430 59.2
(Coltene); Ceram X, SpectrumTPH, X-flow (Dentsply); Dual-cured luting agent 2361 40.8
Charisma, Charisma flow, Durafill VS, Venus Composite
(Heraeus Kulzer); Enamel plus HFO (Mycerium); Palfique
Estelite LV (Tokuyama); Filtek Supreme, Filtek Supreme XT,
Filtek Z100 MP, Filtek Z250 MP, Filtek Z500 (3M ESPE); Pertac
(ESPE); Gradia Direct X, Gradia® Direct LoFlo (GC); Herculite
XRV, Prodigy, Point 4 (Kerr); Grandio (Voco); Tetric Ceram HB,
Tetric EvoCeram, Tetric Evoflow, Heliomolar (Ivoclar)
Dual-cured: Bifix QM, Bifix SE (Voco); BisCem, Duo-link
Universal (Bisco); Calibra, SmartCem2 (Dentsply); PermaCem
Dual Smartmix, Vitique (DMG); Clearfil SA, Clearfil Esthetic
Cement EX, Panavia F2.0 (Kuraray); Dual Cement, Multilink
Automix, Multilink Sprint, SpeedCEM, Variolink II, Variolink
Ultra, Variolink Veneer (Ivoclar); Duo Cement Plus, Duo
Cement Plus (Coltene); Fantestic Core DC (R-dental); G-CEM
(GC); iCEM Self Adhesive, Twinlook, (Heraeus Kulzer); Maxcem
Elite, Nexus 2, NX3 Nexus, Porcelite Dual Cure, (Kerr); RelyX
Unicem, RelyX Ultimate, RelyX ARC, 3M Opal (3M ESPE);
PermaFlo DC (Ultradent); Sonocem (ESPE); Duo Cement (Vita)
a Combination of 195 restorations with no speciﬁed materials and 40 restorations luted with self-adhesive resin-based luting agents.
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3  Results
In total, 5791 inlay/onlay restorations placed in 5523 patients by 167 dentists were 
introduced into the database. The observation time of the restorations varied from one 
day to 15 years of clinical service, with a mean observation time of 3 years (median 1.8 
years). The calculated AFRs at 3, 5, and 10 years of follow up were 1.0%, 1.1%, and 1.6%. 
A total of 192 restorations were excluded from the analysis due to missing information 
in some variables. As shown in Tables 1 and 2, most inlays/onlays included in the study 
were monolithic restorations (98.2%) prepared with feldspathic porcelain (77.3%), placed 
in molars (65.5%) and involving more than three tooth surfaces (73.0%). Table 3 shows the 
results of the multivariate Cox-regression models analysis. The adjusted analysis revealed 
that restorations with cervical outline in dentin (AFR 1.9% over 10 years) showed a 78% 
higher risk for failure compared to restorations with margins in enamel (AFR 1.3% over 
10 years), as shown in Figure 1. The presence of a liner or base of glass-ionomer cement 
resulted in a risk for failure twice as large as that of restorations without liner or base 
material. Restorations performed with simplified adhesive systems (2-step etch-and-rinse 
and 1-step self-etch) presented a risk of failure 142% higher than restorations performed 
with adhesives with bonding resin as a separate step (3-step etch-and-rinse and 2-step 
self-etch), as shown in Figure 2. Tooth type, number of surfaces involved in the restoration, 
presence of endodontic treatment, and several other variables related to procedure did not 
significantly influence restoration failure. The likelihood-ratio test on the model showed 
a significant frailty effect (p < 0.001), meaning that there is a significant clustering of 
failures within dentists. The variable ‘luting material’ was not included in the adjusted 
model since it violated the proportional hazard assumption.
Table 4 shows the distribution of reasons for failure of the restorations. The predominant 
causes of failure were fracture of restoration or tooth (44.5%) and endodontic 
complications (16.4%). An increasing relative number of failures were observed over time.
A practice-based research network on the survival of ceramic inlay/onlay restorations 25
Table 3 – Cox-regression analyses on factors related to failure of ceramic inlay/onlay restorations. 
(Multivariate adjusted analysis includes a shared frailtya).
Variable Crude Adjusted
HR (95% CI) p-Value HR (95% CI) p-Value
Tooth (ref = molar) 0.310 0.512
Premolar 0.86 (0.65–1.15) 0.91 (0.67–1.22)
Number of restored surfaces (ref = 1) 0.179 0.149
2 1.03 (0.47–2.27) 1.18 (0.52–2.68)
3 1.47 (0.68–3.17) 1.56 (0.70–3.51)
>4 1.21 (0.55–2.65) 1.12 (0.49–2.55)
Endodontic treatment (ref = no) 0.053 0.068
Yes 1.61 (1.03–2.53) 1.54 (0.97–2.45)
Cavity outline (ref = enamel) <0.001 <0.001
Dentin 1.79 (1.37–2.33) 1.78 (1.31–2.42)
Rubber dam (ref = yes) <0.001 0.061
No 1.67 (1.28–2.19) 1.40 (0.98–1.99)
Use of liner (ref = none) 0.038 0.014
Glass-ionomer 1.93 (1.08–3.44) 2.05 (1.13–3.70)
Composite 0.67 (0.41–1.08) 0.64 (0.39–1.05)
Others 1.50 (0.66–3.40) 1.75 (0.76–4.01)
Matrix (ref = yes) 0.630 0.997
No 1.07 (0.82–1.40) 1.00 (0.56–1.80)
Silane (ref = yes) 0.002 0.179
No 2.10 (1.31–3.36) 1.53 (0.82–2.85)
Ultrasonic cementation (ref = yes) 0.511 0.467
No 1.09 (0.84–1.43) 0.87 (0.60–1.26)
Dental flossing (ref = yes) 0.273 0.366
No 0.86 (0.65–1.13) 0.75 (0.41–1.39)
Oxygen-blocking (ref = yes) 0.185 0.137
No 1.21 (0.91–1.59) 1.33 (0.91–1.93)
Eva instrument (ref = yes) 0.025 0.078
No 0.53 (0.30–0.92) 0.54 (0.27–1.07)
Ceramic type (ref = feldspathic porcelain) 0.486 0.288
Leucite glass-ceramic 0.86 (0.58–1.28) 0.66 (0.39–1.11)
Lithium dissilicate glass-ceramic 1.45 (0.63–3.30) 0.87 (0.30–2.48)
Ceramic processing (ref = monolithic) 0.063 0.241
Veneered 2.98 (0.94–9.40) 2.15 (0.60–7.69)
Adhesive type (ref = separate bonding resin) <0.001 0.002
Simplified adhesive 2.17 (1.58–2.99) 2.42 (1.49–3.91)
Other 1.53 (0.88–2.66) 1.23 (0.59–2.55)
Luting materialb (ref = photoactivated) 0.750
Dual-cured 0.95 (0.71–1.28)
a Theta value = 0.45 and likelihood-ratio test ≤0.001.
b Not included in the ﬁnal model. Test of proportional-hazards (p ≤ 0.05).
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Figure 1 – Kaplan–Meier survival curves according to 
cavity outline with annual failure rates (AFRs) for 5 and  
10 years of observation.
Figure 2 – Kaplan–Meier survival curves according to 
adhesive type used with annual failure rates (AFR) for  
5 years of observation.Ta
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4  Discussion
The present practice-based study evaluating the longevity of ceramic inlays and onlays has 
a unique design, as practitioners from different parts of the world (here most practioners 
were working in Germany) uploaded detailed information about restorative treatments 
and follow up visits onto a website. Therefore, besides discussing the outcomes regarding 
longevity and risk factors for restoration survival, also the design in itself has to be 
evaluated and its advantages and disadvantages have to be addressed.
RCTs are generally considered the most reliable type of clinical research but have 
disadvantages for evaluating dental restorations, such as biases related to inclusion 
criteria and performance. RCTs also generate considerable costs, limiting the number 
of restorations that can be included in the sample. Although a practice-based setting 
demands a very high sample size, due to the higher treatment variability, this setting 
usually provides more options for inclusion. Different possibilities for bias make part of 
practice-based studies. In the present design, for instance, restorations were evaluated by 
the dentists themselves, not by independent evaluators, resulting in evaluation bias. In 
addition, restorations were considered clinically acceptable or not during follow ups based 
on the clinical judgment of the dentists instead of calibrated independent evaluators 
using well-defined criteria. Therefore, the actual number of failed restorations might be 
a little higher or lower in reality: higher if dentists did not succeed in uploading follow up 
data or evaluated their own restorations as better than they were in reality; lower if the 
dentist overestimates failures, resulting in a larger number of interventions. The method 
of prospectively following up a large set of restorations and evaluation being performed 
by the treating dentist has been used in other practice-based studies (Opdam et al. 2010; 
Kopperud et al. 2012; Baldissera et al. 2013; Pallesen et al. 2013).
Due to a lack of calibration, as it happens daily in dental clinical practice, the criteria for 
clinical failure may have varied between dentists. While the inclusion of hundreds of 
dentists increase significantly the sample size, it becomes unfeasible to standardize the 
assessment of restorations. In order to reduce the influence of this variation, a Cox shared-
frailty model was used. In this study, a significant frailty effect was found, meaning that 
the correlation of results within each dentist could not be ignored. In the final model, 
all results were adjusted by this operator effect, thus it is justified to conclude that the 
reported risk factors are independent of operator performance. The same situation could 
arise for multiple restorations placed in the same patient. However, as most patients had 
only one restoration placed, such a precaution was not necessary.
The dentists in this study were invited, mainly in specific continuing education or training 
courses, to join the database with their data on restorations and therefore, this might 
have resulted in a selection of more motivated dentists. In addition, even with the 
inclusion of dentist from different parts of the world, more than 95% of them are from 
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Germany. Therefore, these selection limitations have a possible influence on the final 
results and also do not permit extrapolating the results to worldwide situations. The 
dentists recorded a large number of variables on restoration and tooth level. However, 
in the first years after CSA was launched, the professionals often did not include patient 
variables such as age, gender, caries risk, and bruxism. For the age variable for example, 
there was missing information in more than 25% of sample, usually involving restorations 
placed in the first years of study. This omission may reflect the general belief at the time 
CSA was initiated that restoration survival is mainly dependent on material properties and 
application techniques. Nowadays it is recognized that factors related to the dentist and 
particularly the patient (like bruxism and caries risk) have a major influence on restoration 
survival (Demarco et al. 2012; van de Sande et al. 2013). On this study, the authors expect 
that most of patients had a high socioeconomic level and good oral hygiene since most 
of them were treated in private practice by well-motivated dentist. However, for a future 
practice-based study design, it is recommended to include these patient-related factors 
as much as possible when evaluating all types of restorations.
The main finding of the present study is that ceramic inlay/onlay restorations, placed 
by general practitioners, have good survival rates, which are comparable with other 
prospective studies on ceramic restorations (Manhart et al. 2004; Fasbinder et al. 2005; 
Fron Chabouis et al. 2013). Several risk factors were identified to play a role in the survival 
of ceramic inlays/onlays. Some variables showed significance in the univariate analysis, 
but this significance disappeared in the final model due to confounding factors. An 
example for this is the use of rubber dam when placing the restorations, which was highly 
significant in the first model but not in the final multivariate model. An explanation may 
be that restorations with cervical margins in enamel have better survival compared to 
restorations ending in dentin below the cement–enamel junction (CEJ), for which use of 
rubber dam is difficult during cementation. Therefore, deep restorations may have been 
more often placed without rubber dam. Another possibility that cannot be ruled out is the 
choice of dentist for specific techniques.
In the final model, three risk factors were identified as being of statistical significance: 
position of restoration cervical outline, use of a glass-ionomer liner, and type of adhesive. 
The position of the outline below or above CEJ was already discussed and is an obvious 
risk factor in clinical survival, also found in a study on direct composite and amalgam 
restorations (Kuper et al. 2012). This findings may be related to the more reliable bond to 
enamel compared to dentin, but also to the plain fact that restorations ending below the 
CEJ are generally larger, teeth are more compromised in terms of tooth substance loss, and 
restorations are more subject to unfavorable loading.
The use of a glass-ionomer cement lining resulted in a significantly higher risk for failure. 
This finding is in accordance with another study on ceramic inlays (Frankenberger et al. 
2009) and with a study on posterior composites placed with or without liner (Opdam et 
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al. 2007). In contrast, a recent meta-analysis (Opdam et al. 2014) and another study on 
posterior composites (van de Sande et al. 2013) were not conclusive on this subject. On 
one hand, it seems that the less mechanically strong glass-ionomer liner may contribute 
to more deterioration of the interface and promote fracture, especially considering the 
very high elastic modulus of the ceramic restorations. On the other hand, the placement 
of such a liner may also indicate that cavities were more close to the pulp, a variable not 
recorded nor included in this analysis. Thus, interpretation of this finding should be done 
with caution.
The use of the so-called gold-standard adhesives (3-step etch and rinse and two step 
self-etch) resulted in a better ceramic restoration outcome compared to more simplified 
adhesives. This is in accordance with a clinical study that evaluated the long-term 
durability of posterior ceramic coverages (van Dijken and Hasselrot 2010) and a systematic 
review evaluating retention rates of class-V restorations placed in non-carious cervical 
lesions (Peumans et al. 2014). For the analysis, we pooled adhesive systems according to 
the use or not of a separate bonding resin. This may be a limitation in the interpretation 
of results, but the above mentioned studies applied the same method for classifying the 
adhesives. The outcome of the present clinical study therefore confirms that also for Class 
II inlay/onlay restorations gold-standard adhesives seem to be preferred. Explanation 
for this finding is that the hydrophobic layer of gold-standard adhesives increases the 
stability of the bonds to dental tissues. The susceptibility to fracture still seems to be 
the main problem in ceramic restorations failure. As with the present study, most clinical 
studies evaluating ceramic restorations have shown ceramic and tooth fracture as the 
predominant reason for failure (Stoll et al. 2007; Otto and Schneider 2008; Frankenberger 
et al. 2009). Except limited fracture toughness of the applied ceramic materials a possible 
explanation for this high frequency of fracture can also be insufficient bonding as the type 
of adhesive is a risk factor for failure. The low number of failures due to secondary caries 
founded is also expected for ceramic restorations and may be partially due to the fact that 
these restorations are often made in motivated patients with a low caries risk. However, it 
is interesting to emphasize that after 8 years of observation time secondary caries became 
the predominant reason for failure, which may indicate that deterioration of the cement 
and adhesive layer after many years of service and cyclic loading may result in a secondary 
caries wall lesion (Kuper et al. 2012).
Several recorded variables that were expected to be related to restoration success did not 
lead to significant differences in outcomes. The type of ceramic material (feldspathic 
porcelain, lithium disilicate or leucite-reinforced ceramic) was not of influence within 
the present design, as in general all materials performed well. Most of the inlay/onlay 
restorations were made according to CAD-CAM concept, particularly the CEREC system, 
that also in other studies showed good clinical survival (Zimmer et al. 2008), which is in 
line with indirect placed ceramic restorations. Veneered restorations, which in in vitro stud 
ies are generally linked with lower mechanical strength, had similar clinical performance 
30 Chapter 2
to bulk, non-veneered restorations. This finding is probably related to the limited size 
of inlay/onlay restorations; the mechanical stresses did not build up in the veneered 
porcelain to the same extent they would in complete crowns. In addition, the mechanical 
problems in veneered restorations usually arise from the use of very dissimilar ceramic 
materials (e.g. zirconia and porcelain), which is not the case here.
In the present study also the cement type (dual cured or chemically cured) as well as several 
technical details in the procedure were not relevant for the outcome. It may well be that 
all these details in the clinical protocol, as they are so often investigated in vitro resulting 
in certain levels of microleakage and marginal adaptation, have limited relevance for the 
clinical practice. However, for investigating clinically material and technique influences in 
a better way, it would be good to limit the amount of material variables in such a dataset 
by offering the dentist a limited choice of possible materials. The amount of applied 
materials in this study show the enormous diversity we have in available materials of 
which the necessity can be doubted. On the other hand, the authors would advise to pay 
more attention to patient related variables in future study designs.
5  Conclusion
Within the limitations of this practice-based study, it can be concluded that ceramic 
inlay/onlay restorations made from several glass ceramic materials and applied by a large 
number of dentists have a good survival with AFR of 1% up to 15 years of observation time. 
The risk factors for survival were deep cervical cavity outline, presence of a glass ionomer 
lining cement, and use of simplified adhesive systems.
A practice-based research network on the survival of ceramic inlay/onlay restorations 31
References
Baldissera RA, Corrêa MB, Schuch HS, Collares K, Nascimento GG, Jardim PS, Moraes 
RR, Opdam NJM, Demarco FF. 2013. Are there universal restorative composites for 
anterior and posterior teeth? J Dent. 41(11). doi:10.1016/j.jdent.2013.08.016.
Burke FJ, Wilson NH, Cheung SW, Mjor IA. 2001. Influence of patient factors on age of 
restorations at failure and reasons for their placement and replacement. J Dent. 
29(5):317–324.
Deligeorgi V, Mjor IA, Wilson NH. 2001. An overview of reasons for the placement and 
replacement of restorations. Prim Dent Care. 8(1):5–11.
Demarco FF, Corrêa MB, Cenci MS, Moraes RR, Opdam NJM. 2012. Longevity of posterior 
composite restorations: Not only a matter of materials. Dent Mater. 28(1):87–101. 
doi:10.1016/j.dental.2011.09.003.
van Dijken JW, Hasselrot L. 2010. A prospective 15-year evaluation of extensive dentin-
enamel-bonded pressed ceramic coverages. Dent Mater. 26(9):929–939. doi:10.1016/j.
dental.2010.05.008.
Fasbinder DJ, Dennison JB, Heys DR, Lampe K. 2005. The clinical performance of CAD/
CAM-generated composite inlays. J Am Dent Assoc. 136(12):1714–1723.
Frankenberger R, Reinelt C, Petschelt A, Kramer N. 2009. Operator vs. material influence 
on clinical outcome of bonded ceramic inlays. Dent Mater. 25(8):960–968. 
doi:10.1016/j.dental.2009.02.002.
Fron Chabouis H, Smail Faugeron V, Attal JP. 2013. Clinical efficacy of composite versus 
ceramic inlays and onlays: a systematic review. Dent Mater. 29(12):1209–1218. 
doi:10.1016/j.dental.2013.09.009.
Heintze SD, Rousson V. 2012. Clinical effectiveness of direct class II restorations - a meta-
analysis. J Adhes Dent. doi:10.3290/j.jad.a28390.
Kopperud SE, Tveit AB, Gaarden T, Sandvik L, Espelid I. 2012. Longevity of posterior 
dental restorations and reasons for failure. Eur J Oral Sci. 120(6):539–548. doi:10.1111/
eos.12004.
Kuper NK, Opdam NJ, Bronkhorst EM, Huysmans MC. 2012. The influence of approximal 
restoration extension on the development of secondary caries. J Dent. 40(3):241–247. 
doi:10.1016/j.jdent.2011.12.014.
Magne P, Knezevic A. 2009. Thickness of CAD-CAM composite resin overlays influences 
fatigue resistance of endodontically treated premolars. Dent Mater. doi:10.1016/j.
dental.2009.05.007.
Magne P, Paranhos MPG, Schlichting LH. 2011. Influence of material selection on the risk 
of inlay fracture during pre-cementation functional occlusal tapping. Dent Mater. 
doi:10.1016/j.dental.2010.09.002.
Manhart J, Chen H, Hamm G, Hickel R. 2004. Buonocore Memorial Lecture. Review of 
the clinical survival of direct and indirect restorations in posterior teeth of the 
permanent dentition. Oper Dent. 29(5):481–508.
32 Chapter 2
Opdam NJ, Bronkhorst EM, Loomans BA, Huysmans MC. 2010. 12-year survival 
of composite vs. amalgam restorations. J Dent Res. 89(10):1063–1067. 
doi:10.1177/0022034510376071.
Opdam NJ, Bronkhorst EM, Roeters JM, Loomans BA. 2007. Longevity and reasons for 
failure of sandwich and total-etch posterior composite resin restorations. J Adhes 
Dent. 9(5):469–475.
Opdam NJ, van de Sande FH, Bronkhorst E, Cenci MS, Bottenberg P, Pallesen U, Gaengler 
P, Lindberg A, Huysmans MC, van Dijken JW. 2014. Longevity of posterior composite 
restorations: a systematic review and meta-analysis. J Dent Res. 93(10):943–949. 
doi:10.1177/0022034514544217.
Otto T, Schneider D. 2008. Long-term clinical results of chairside Cerec CAD/CAM inlays 
and onlays: a case series. Int J Prosthodont. 21(1):53–59.
Pallesen U, van Dijken JW, Halken J, Hallonsten AL, Hoigaard R. 2013. Longevity of posterior 
resin composite restorations in permanent teeth in Public Dental Health Service: a 
prospective 8 years follow up. J Dent. 41(4):297–306. doi:10.1016/j.jdent.2012.11.021.
Peumans M, De Munck J, Mine A, Van Meerbeek B. 2014. Clinical effectiveness of 
contemporary adhesives for the restoration of non-carious cervical lesions. A 
systematic review. Dent Mater. doi:10.1016/j.dental.2014.07.007.
van de Sande FH, Opdam NJ, Rodolpho PA, Correa MB, Demarco FF, Cenci MS. 2013. 
Patient risk factors’ influence on survival of posterior composites. J Dent Res. 92(7 
Suppl):78S–83S. doi:10.1177/0022034513484337.
Schulz P, Johansson A, Arvidson K. 2003. A retrospective study of Mirage ceramic inlays 
over up to 9 years. Int J Prosthodont. 16(5):510–514.
Stoll R, Cappel I, Jablonski-Momeni A, Pieper K, Stachniss V. 2007. Survival of inlays and 
partial crowns made of IPS empress after a 10-year observation period and in relation 
to various treatment parameters. Oper Dent. 32(6):556–563. doi:10.2341/07-13.
Wittneben JG, Wright RF, Weber HP, Gallucci GO. 2009. A systematic review of the clinical 
performance of CAD/CAM single-tooth restorations. Int J Prosthodont. 22(5):466–
471.
Zimmer S, Gohlich O, Ruttermann S, Lang H, Raab WH, Barthel CR. 2008. Long-
term survival of Cerec restorations: a 10-year study. Oper Dent. 33(5):484–487. 
doi:10.2341/07-142.


CHAPTER 3 
Longevity of Anterior Composite 
Restorations in a General Dental 
Practice-Based Network
Collares K, Opdam NJM, Laske M, Bronkhorst EM, Demarco FF, Correa MB, Huysmans 
MCDNJM
Journal of Dental Research 2017; 96(10): 1092-1099
36 Chapter 3
Abstract
This practice-based study investigated the performance of a large set of anterior 
composite restorations placed by a group of 24 general practices. Based on data from 
electronic patient files, the longevity of 72,196 composite restorations was analyzed, as 
placed in 29,855 patients by 47 general dental practitioners between 1996 and 2011. Annual 
failure rates (AFRs) were calculated, and variables associated with failure were assessed 
by multivariate Cox regression analysis with shared frailty for 2 age groups (5 to 24 y and 
≥25 y). The observation time of restorations varied from 2 wk to 13 y, with a mean of 4.8 y, 
resulting in a mean AFR of 4.6% (95% confidence interval [95% CI], 4.5% to 4.6%) at 5 y. 
Among dentists, a relevant variation in clinical performance of restorations was observed, 
with an AFR between 2% and 11%. The risk for restoration failure increased in individuals 
up to 12 y old, having a 17% higher risk for failure when compared with the age group of 
18 to 25 y (hazard ratio, 1.17; 95% CI, 1.03 to 1.34), and for the age group >65 y, having a 81% 
higher risk for failure when compared with 25 to 35 y (hazard ratio, 1.81; 95% CI, 1.66 to 
1.98). In both multivariate models, there was a difference in longevity of restorations for 
different teeth in the arch, with fillings in central incisors being the most prone to failure 
and replacement. It was concluded that anterior composite restorations placed by general 
dental practitioners showed an adequate clinical performance, with a relevant difference 
in outcome among operators.
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1  Introduction
The main workload for general dental practitioners (GDP) is placement and replacement of 
dental restorations (Mjor et al. 2002). The first restorative intervention in a tooth may be 
due to caries, tooth wear, or fracture of the tooth, but many interventions are replacements 
of older restorations, attributed to secondary caries, fracture of the restoration or tooth, 
aesthetic reasons, and endodontic complications, among several other reasons (Demarco 
et al. 2012). Most restorations placed by GDPs are directly applied with composite resin, 
amalgam, or glass ionomer cement. Nowadays, composite resin, placed with an adhesive 
technique, is the preferred material among most GDPs (Lynch et al. 2014; Kopperud et al. 
2016).
The main focus of clinical studies is the performance of posterior restorations, with data 
published on observation times up to 30 y (Da Rosa Rodolpho et al. 2011; Pallesen and van 
Dijken 2015a, 2015b) showing good survival, with annual failure rates (AFRs) ranging from 
1% to 4% (Heintze and Rousson 2012; Opdam et al. 2014). However, the number of clinical 
studies on anterior restorations is limited, probably because the posterior environment 
is more challenging for testing dental materials and composites are promoted as a 
replacement for dental amalgam (Opdam et al. 2007; Opdam et al. 2010; Moraschini et al. 
2015). Recently, systematic reviews on anterior restorations have been published (Demarco 
et al. 2015; Heintze et al. 2015; Schwendicke et al. 2015) showing that anterior restorations 
have a different failure behavior when compared with posterior restorations. Caries is less 
prominent in front teeth than posterior teeth, and consequently, secondary caries is likely 
to be less present too. However, front teeth may be exposed to other challenges, such as 
traumatic injuries and wear of the incisal edge caused by parafunctions (e.g., nail biting, 
grinding). Due to their increased visibility and important role in a patient’s appearance, 
anterior restorations may be more prone to repair and replacement (i.e., the aesthetic 
demands of the patient). Moreover, the shape of anterior defects, especially for class IV 
and V preparations, is less retentive, and this may lead to increased restoration loss.
Controlled and sometimes randomized clinical studies on dental restoration performance 
include, most of the time, a limited number of restorations placed according to a fixed 
protocol by calibrated dentists. This study design permits a comparison of materials and 
restorations in detail and an evaluation of restorations according to specified criteria 
(Ryge and FDI; Hickel et al. 2007). A disadvantage of the design is that it is not possible 
to evaluate restorations placed by GDPs in their routine practice. As in routine care, many 
variables are not under control; as such, a survival analysis of these restorations should 
include all available risk factors to control for confounding, resulting in a sufficient 
number of restorations, with a high variability of characteristics. In populations where 
patients are loyal to their dental practice and where restorations are periodically checked 
by the dentist, it is now possible to collect data from electronic patient files (EPFs), 
and these data can be used to have an impression of the performance of restorations 
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routinely placed by GDPs. A recent study in the Netherlands reported on the performance 
of >400,000 restorations placed in anterior and posterior teeth (Laske et al. 2016). For a 
proper analysis, due to the different behaviors of anterior and posterior restorations, the 
data set was divided, and the specific performance of >200,000 class II restorations was 
reported elsewhere (Laske et al. 2016). As data on performance of anterior restorations are 
relatively scarce, especially practice-based data, the present study was designed. It aimed 
to analyze the performance of a large set of anterior composite restorations placed by a 
group of general practitioners, based on data from the electronic files.
2  Materials and Methods
This study is reported in accordance with the RECORD statement (Reporting of Studies 
Conducted Using Observational Routinely Collected Health Data; Benchimol et al. 2015)
2.1  Study Design and Setting
This was a retrospective longitudinal study, carried out by secondary data collection in a 
practice-based research network in the Netherlands. From January 1996 to December 2011, 
82 dentists placed direct and indirect restorations on anterior and posterior teeth. The 24 
dental practices in which the dentists worked joined the practice-based research network 
on invitation, especially to gain insight on the longevity and quality of their restorative 
work. All practices used 1 of 2 software systems (Exquise, Vertimart; Novadent, Complan), 
and during the observation period, all dental treatments were recorded by the software 
in the EPF. EPFs were also used for financial purposes, as the software program regulated 
reimbursement of the treatment to patients or insurance companies. The software 
firms volunteered in the study by designing an application that enabled dentists to 
produce a raw data file including all their restorative work during the observation period. 
This raw data file was send to the researchers for further analysis. Data were collected 
anonymously, and the study design was approved by the local ethics committee (METC; 
CMO file 2013/483).
2.2  Sample and Variables
For the present study, only data related to direct anterior restorations were included. 
Inclusion criteria were as follows:
–  Restorations were placed with composite resin in nonendodontically treated teeth, 
excluding restorations placed only with flowable composites.
–  Restorations were placed in anterior permanent teeth (teeth 11, 12, 13, 21, 22, 23, 31, 32, 33, 
41, 42, 43); restorations in deciduous teeth were excluded.
–  Dentists were included only if their work included at least 250 restorations placed in 
the observation period.
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–  Full information for all variables was available for a restoration, except for brand of 
composite.
–  Restorations had a minimum observation time of 2 wk, except in case of premature 
failures.
–  Patients visited practices at least once every year for checkup, to be sure that EPFs 
provided the complete history.
–  For each restoration, a set of variables was available from the EPF as collected by 
the dentists during their regular practice hours: information on the patient’s age 
and sex, type of tooth restored, surfaces included on restoration, and the name and 
brand of composite used (when available). Patient’s age was categorized in 7 groups, 
with the youngest group being 5 to 12 y old and the oldest ≥65 y. Composite resins 
were divided by their indication into 1) materials developed especially for aesthetic 
indications (having different color opacities for dentin, enamel, and incisal shades) 
and 2) universal materials for posterior and anterior restoration use (with universal 
shades). Other patient-related variables included the number of dentists who treated 
each patient during the observation period, the number of restorations placed per year 
on each patient (including anterior and posterior restorations), and the presence of 
more anterior than posterior restorations placed during the observation period. This 
variable was obtained by dividing number of anterior restorations by the number of 
posterior restorations. When the result was >1.0, the patient was considered as having 
more anterior than posterior restorations. Data on posterior restorations are published 
in another paper (Laske et al. 2016).
For each restoration, 3 dates were recorded: the date of placement of the restoration, the 
date of an intervention on the restoration (if present), and the date of the last checkup 
(considered the censoring date). Reasons for placement and failure of restorations could 
not be retrieved from the EPFs by the software, as these data were inserted as a text line or 
were absent.
Interventions were the following treatments in the observation period: a new restoration 
in the same tooth including at least 1 surface of the first restoration, extraction of the 
tooth, and endodontic treatment. All interventions were considered a failure.
2.3  Statistical Methods
Statistical analyses were performed with STATA 12 software package (StataCorp LP) and 
R version (Foundation for Statistical Computing). Descriptive statistics were used to 
report frequency distributions of restorations by independent variables. Kaplan-Meier 
survival graphs were constructed to show survival of restorative groups, and AFRs were 
calculated from life tables according to the formula (1 – y)z = (1 – x), in which y expresses 
the mean AFR and x, the total failure rate at z years. The proportional hazards test was 
assessed for each variable. Variables associated with failure were assessed by multivariate 
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Cox regression analysis with shared frailty, considering restorations clustered in patients. 
As the proportional hazards test showed that analysis of all groups of patients together 
was not possible, Cox regression analyses were stratified by age groups (5 to 24 y and ≥25 
y). Hazard ratios (HRs) with 95% confidence intervals (CIs) were determined. The dentist 
variable was included in both models for adjustment purposes, but the effect was not 
presented. A significance level of 5% was used for all analyses.
3  Results
From the database, a total of 72,196 anterior composite restorations were included. These 
restorations were placed in 29,855 patients, 5 to 93 y old (mean, 42.4 y), by 47 dentists in 
24 clinical practices. The number of restorations per dentist varied from 253 to 4,995. The 
observation time of the restorations varied from 2 wk to 13 y, with a mean observation 
time of 4.8 y. The mean AFR at 3, 5, and 10 y was 4.4% (95% CI, 4.4 to 4.5), 4.6% (95% CI, 4.5 
to 4.6), and 4.6% (95% CI, 4.5 to 4.7), respectively. A total of 5,373 restorations that did not 
match inclusion criteria were excluded from the analysis.
Table 1 shows the main descriptive data for the study. It is remarkable that 75% of 
anterior restorations were placed in patients between 35 and 65 y old. Moreover, 75% of 
the restorations were placed in the upper front teeth and 27% in central incisors. In that 
respect, it is notable that only 14% of front restorations were placed in lower incisors.
Two Cox regression analyses were performed. Table 2 shows the results of the younger 
age group. Restorations placed at a younger age (5 to 12 y) showed a higher risk for failure 
when compared with those restorations placed in patients 13 to 24 y old. A 17% higher risk 
for failure was observed when >1 dentist performed restorative treatments on the same 
patient. There was a significant difference in longevity performance among restorations 
for different teeth, with fillings in central incisors being more prone to failure and 
replacement (HR, 2.46; vs. lower incisors). Larger restorations including more surfaces had 
a higher failure risk, with 3-surface restorations having a 64% higher risk for failure.
Table 3 shows the result of the Cox regression for the older patient group from 25 y onward. 
Within this age group, the risk for failure increases especially after 50 y old, with patients 
>65 y having a 81% higher risk for failure versus the age group of 25 to 34 y. When people 
received a mean of >1 restoration per year (vs. <1), the risk for failure increased 31%, as well 
as for patients who had more anterior than posterior restorations during the observation 
time, which resulted in a 52% higher risk for failure. For the younger age group, an 
increasing number of surfaces also increased the risk for failure. No differences could be 
detected among the types of composites.
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Table 1 – Distribution of Anterior Composite Restorations (n = 72,196) by Patient- and Tooth-Related 
Variables.
Group, 5 to 24 y Group, ≥25 y
n % n %
PATIENT-RELATED VARIABLES
Age, y
5 to 12 1,729 13.4 – –
13 to 18 5,128 39.7 – –
19 to 24 6,070 47.0 – –
25 to 34 – – 9,962 16.8
35 to 49 – – 25,175 42.5
50 to 64 – – 18,104 30.6
≥65 – – 6,028 10.2
Sex
Male 6,858 53.0 29,049 49.0
Female 6,069 47.0 30,220 51.0
No. of dentists who treated the patient
1 9,253 71.6 41,631 70.2
≥2 3,674 28.4 17,638 29.8
Restorations per year
≤1 6,843 52.9 34,064 57.5
>1 6,084 47.1 25,205 42.5
Patient has more anterior than posterior restorations
No 8,575 66.3 40,809 68.8
Yes 4,352 33.7 18,460 31.2
TOOTH-RELATED VARIABLES
Tooth type
Upper central incisor 5,551 42.9 15,909 26.8
Upper lateral 3,314 25.6 13,591 22.9
Upper canine 2,091 16.2 14,722 24.8
Lower central incisor 732 5.7 4,331 7.3
Lower lateral incisor 536 4.2 3,875 6.5
Lower canine 703 5.4 6,841 11.5
No. of surfaces
1 5,731 44.3 23,551 39.7
2 3,686 28.5 20,249 34.2
≥3 3,510 27.2 15,469 26.1
Composite
Aesthetic 1,462 11.3 5,295 8.9
Universal 1,952 15.1 7,498 12.7
Unknown 9,513 73.6 46,476 78.4
Total 12,927 100.0 59,269 100.0
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Table 2 – Cox Regression Analyses on Factors Related to Failure of Anterior Composite Restorations for 
Younger People (5 to 24 y).
 
An analysis of AFRs showed a relevant difference among dentists on restorative longevity, 
with a range of 2% to 11% between the dentists who presented the best and worst clinical 
performance. The most interesting survival graphs are shown in Figure 1 A–D, expressing 
the survival among the different age groups and the differences in survival among the 
different tooth types.
Group, 5 to 24 y
Variables HR (95% CI) P Value
PATIENT-RELATED VARIABLES
Age, y (ref = 18 to 25 y)
5 to 12 1.17 (1.03 to 1.34) 0.017
13 to 18 1.05 (0.95 to 1.17) 0.327
Sex (ref = female): male 1.05 (0.96 to 1.15) 0.305
No. of dentists who treated the patient (ref = 1): ≥2 1.15 (1.01 to 1.29) 0.028
Patient with more anterior restorations than posterior (ref = no): yes 1.11 (0.99 to 1.24) 0.073
TOOTH-RELATED VARIABLES
Tooth type (ref = lower lateral incisor)
Upper central incisor 2.46 (1.84 to 3.27) <0.001
Upper lateral 1.77 (1.31 to 3.37) <0.001
Upper canine 1.92 (1.42 to 2.61) <0.001
Lower central incisor 1.26 (0.90 to 1.75) 0.175
Lower canine 1.21 (0.87 to 1.69) 0.255
No. of surfaces (ref = 1)
2 1.32 (1.17 to 1.48) <0.001
≥3 1.64 (1.46 to 1.85) <0.001
Composite (ref = aesthetic)
Universal 1.13 (0.90 to 1.43) 0.300
Unknown 1.03 (0.81 to 1.30) 0.813
Cox regression was performed with clustering for patients. The dentist variable was included in the 
model but is not presented here. The variable “restorations placed per year” was not included in the 
model, due to violation on the condition of proportional hazards.
95% CI, 95% confidence interval; HR, hazard ratio; ref, reference.
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Table 3 – Cox Regression Analyses on Factors Related to Failure of Anterior Composite Restorations for 
Older People (≥25 y).
Group, ≥25 y
Variables HR (95% CI) P Value
PATIENT-RELATED VARIABLES
Age, y (ref = 25 to 34)
35 to 49 1.14 (1.07 to 1.21) <0.001
50 to 64 1.40 (1.31 to 1.51) <0.001
≥65 1.81 (1.66 to 1.98) <0.001
Sex: male (ref = female) 1.09 (1.04 to 1.14) <0.001
No. of dentists who treated the patient: ≥2 (ref = 1) 1.04 (0.98 to 1.10) 0.241
Restorations placed per year: >1 (ref = ≤1) 1.31 (1.24 to 1.38) <0.001
Patient has more anterior than posterior restorations: yes (ref = no) 1.52 (1.44 to 1.60) <0.001
TOOTH-RELATED VARIABLES
Tooth type (ref = lower lateral incisor)
Upper central incisor 1.34 (1.24 to 1.46) <0.001
Upper lateral 1.14 (1.05 to 1.24) 0.002
Upper canine 1.12 (1.03 to 1.22) 0.010
Lower central incisor 1.02 (0.93 to 1.11) 0.703
Lower canine 1.04 (0.96 to 1.14) 0.349
No. of surfaces (ref = 1)
     2
     ≥3
Composite (ref = aesthetic)
1.17 (1.12 to 1.23)
1.35 (1.28 to 1.42)
<0.001
<0.001
   Universal 1.04 (0.93 to 1.18) 0.480
   Unknown 1.07 (0.95 to 1.21) 0.242
The Cox regression was performed with clustering for patients, and the dentist variable was included in 
the model but not presented. 95% CI, 95% conﬁdence interval; HR, hazard ratio; ref, reference.
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Figure 1 – Kaplan-Meier graphs. (A, B) Survival of anterior restorations placed in 7 age groups. (C, D) 
Survival curves for types of front teeth between younger and older groups. (E, F) Survival curves for 
number of restored surfaces between younger and older groups.
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4  Discussion
The present study is based on a large data set of restorations placed by general 
practitioners in the Netherlands (Laske et al. 2016), and it is the first to retrospectively 
assess the longevity of anterior composite restorations placed by several practitioners. The 
only comparable study would that be of Lucarotti et al. (2005), which is based on insurance 
data from the British NHS (National Health Service). As, within the NHS at that time, no 
posterior composite restorations were allowed to be placed, data on composite survival 
are merely based on anterior composite resin survival, showing a 10-y survival of 43%. The 
calculated AFR for composites in anterior teeth in the present study was approximately 
4.5%, which would resemble a median survival time of about 12 y – better than the data 
from the NHS study. Until now, limited prospective clinical studies have evaluated the 
performance of anterior restorations (van Dijken and Pallesen 2010; Gresnigt et al. 2012), 
showing AFRs of 0% to 4.1% (Demarco et al. 2015). Within that perspective, the results of 
the Dutch group of GDPs are quite acceptable.
The present study has several limitations to be addressed. As it is based on EPFs, all mistakes 
that might have been made by dentists, such as including the wrong tooth number, are 
also in the data set. Because the treating dentist decided whether a restoration should be 
replaced, there is a considerable bias in the information on restoration failure, as it is likely 
that decision making varies considerably among dentists and that patient demands also 
influence this process. However, this is a reflection of all-in-1-day dentistry, and outcomes 
should be more interpreted within that perspective. In the same way, evaluation of a 
restoration by the same dentist who has placed it can also lead to biased information 
on restoration failures. Because data of the EPF were also used for declaration, it is not 
likely that many interventions on the restorations have been lost. Diagnosis for placing 
restorations and reasons for failure were not reported in this retrospective analysis. Also, 
patient-related factors (except sex and age) relevant for restoration survival (van de Sande 
et al. 2013; Opdam et al. 2014; van de Sande et al. 2016) were not recorded, as they are not 
denoted in a specific spot in the file. The absence of such relevant risk factors and the 
presence of other, still-unknown confounding factors in this large data set urge caution in 
drawing too-detailed conclusions. However, the size of the data set permitted inclusion of 
different characteristics of anterior restorations to identify possible risk factors. The large 
size of the data set can be considered a strength of the study, although it incorporates 
the risk that even small differences will show statistical significance with limited clinical 
relevance. Therefore, it is important to look at not only the P values but also the value of 
the HRs, focusing mainly on larger differences.
Significant variation in longevity of anterior restorations among operators was found, 
with AFRs between 2% and 11%. Although the dentist variable was used only as a control 
variable in the multivariable analysis and HRs were not presented, the significant 
difference of the AFR among dentists suggests operators as a risk factor for failure of 
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restorations. This is in accordance with the findings on class II amalgam and composite 
restorations placed by the same dentist group showing an AFR of 4.9% and a comparable 
variation in AFRs among operators between 2.6% and 7% (Laske et al. 2016). The accuracy 
and skills of practitioners may be due to these differences, but the threshold for repairing 
or replacing a restoration may also vary widely among dentists. The decision for replacing 
a restoration is based on the clinical expertise of the practitioner during checkup, rather 
than on strict criteria (e.g., FDI; Hickel et al. 2007), and it has been shown that dentists 
decide differently on repair and replacement when cases of defective restorations are 
presented to them (Heaven et al. 2013). We hypothesize that clinical decision making by 
dentists may be influenced by different “dentist profiles” that can be described as either 
proactive (more eager to replace in an attempt to prevent complications) or reactive 
(postponing interventions until a complication occurs and patients ask for help; Kopperud 
et al. 2016). Such profiles may be useful to investigate the influence of decision making on 
restoration survival.
For posterior restorations, the patient’s age has been identified as a risk factor for failure of 
restorations (Al-Samhan et al. 2010; Kopperud et al. 2012; Pallesen et al. 2013; van de Sande 
et al. 2013). A recent systematic review assessed the influence of patient-related factors 
on posterior restoration survival and showed that age may have a significant effect, with 
higher failure rates for the very young and more mature patients (van de Sande et al. 2016). 
A study on class II restorations based on the same data set as the present study also found 
this effect, which might be explained by children having more class II restorations due 
to primary caries and the elderly having more root caries and active caries attributed to 
medicine use, decreasing oral health maintenance, and dry mouth (Laske et al. 2016). 
Also, the analysis of the present study showed a considerable age affect, and even the 
data set had to be divided into younger and older age groups to enable a multivariate Cox 
regression. For example, in the present study, children (5 to 12 y) showed a higher risk of 
restoration failure when compared with the young adult group (18 to 25 y). In the age group 
until 12 y, restorations in permanent anterior teeth due to caries are placed in limited 
cases and often as treatment for dental trauma. For trauma, the prevalence in front teeth 
is known to be higher in children (Glendor 2009), and direct composite restorations are 
common for treating these injuries. Traumatized teeth have a high risk for endodontic 
complications and reinterventions due to premature restoration failure. Moreover, 
prevalence of primary caries in front teeth is not common and may be limited to very high-
risk patients, which in itself will result in a higher AFR of restorations (van de Sande 2016). 
However, the significant effect of older age on restoration survival, as shown in the Figure, 
expresses the higher risk of failure observed for older groups due to caries and declined 
levels of oral health maintenance.
Upper front teeth restorations showed a higher risk for failure when compared with 
lower front teeth for both age groups, with a higher effect size for younger patients. A 
likely explanation is the higher visibility and the importance of the smile’s appearance, 
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resulting in more critical evaluation and more interventions. Generally, older patients 
present a high resilience to deal with dental problems (Slade and Sanders 2011), accepting 
small defects better. This can explain why the effect of tooth type (or jaw) was higher for 
younger patients. Moreover, children with dental trauma often have upper front teeth 
exposed to high risk for trauma due to an overjet, which also may result in new fractures 
and reinterventions.
The present study reflects the situation in a group of Dutch dental practices and, as such, is 
related to the dental care provided in the Netherlands. As patients tend to visit for regular 
checkups and remain loyal to the dentist, this might be advantageous for the failure rate, 
as it is reported that changing dentists is a risk factor for restoration survival (Bogacki et 
al. 2002; Burke et al. 2005). This finding appears to be valid for the present study, as young 
people who were treated by >1 dentist had a higher risk for failure; however, an emergency 
treatment in case of a failed restoration could be a confounder, since another operator is 
likely to provide the service.
In larger restorations, a higher risk for failure was found, reflecting the higher risk of class 
IV restorations (≥3 surfaces) versus class III restorations. This relation between restoration 
size and risk for failure is also found in studies on posterior restorations (Opdam et al. 
2014).
In the present study, having more anterior than posterior restorations during the 
observation time was identified as a possible risk marker for survival in the higher age 
group (HR, 1.52). This may be due to the importance of aesthetics and patients requesting 
restoration replacements more often for anterior teeth, but at the same time it may reflect 
a part of the population with shortened arches and limited posterior teeth remaining to 
be restored. However, this is highly speculative and needs more research. Therefore, we do 
not want to call this variable a risk factor for survival, but we indicate it as a possible risk 
marker.
5  Conclusion
Anterior composite restorations placed by GDPs showed an AFR of 4.9%, with relevant 
differences among practitioners. Younger patients and elderly people had relatively lower 
survival, while upper anterior restorations resulted in more failure than lower anterior ones.
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Abstract
Objectives  This retrospective longitudinal study aimed to assess the longevity of single 
unit crowns placed by several dentists and to investigate risk factors associated with 
crown failures.
Methods  From patient files, longevity of 3404 full crown restorations placed in 1557 
patients by 8 Dutch dentists between 1996 and 2011 were analyzed. Annual failure rates 
(AFRs) were calculated and variables associated with failure (success and survival of 
crowns) were assessed by multivariate Cox-regressions analysis with shared frailty for 
patients.
Results  Most of crowns were PFM (63.8%) placed in molars (58.1%) and non endodontically 
treated teeth (65.4%). The observation time of restorations varied from 3 weeks to 11 
years with a mean of 7 years, resulting in a mean AFR at 11 years of 2.1% and 0.7% for 
success and survival of crowns, respectively. Among dentists a relevant variation for 
type of interventions was observed with AFR varying between 1.2% and 3.5%. The most 
significant risk factor for failure of crowns was the presence of an endodontic treatment, 
resulting in Hazard ratios of 1.31 for success [95%CI 1.07–1.61] and 1.89 [95%CI 1.35–2.65] for 
survival of crowns. Tooth type, tooth position (jaw) and gender showed also a significant 
influence on success of crowns. For survival, increase in patients’ age results in a higher 
risk for failure.
Conclusions  Overall, crowns placed by a selected group of dentist showed a good to 
acceptable success and survival rates, mainly dependent from the practice. The presence 
of an endodontically treated tooth was a significant risk factor leading to more failures.
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1  Introduction
Restorative work is still the core business of dentists around the world. Especially in 
the higher developed countries many direct restorations are placed for treating caries 
defects and fractured teeth. For larger defects and more seriously compromised teeth, an 
alternative restorative solution is placing a crown, covering all tooth surfaces, requiring a 
preparation that will reduce the remaining natural tooth. Traditionally, crowns were made 
from full metal (mostly gold) and with increasing demands for esthetics, porcelain fused 
to metal crowns (PFM) were introduced and still used nowadays for many indications. 
During the last decade, full ceramic crowns, designed from several diﬀerent materials have 
become popular. Cementation of traditional crowns was done with traditional cements, 
like zinc-Phosphate, Polycarboxylate or glass-ionomer cements. The new full ceramic 
crowns are most of the time cemented using adhesive materials, which might lead to a 
better retention of the crown as well as reduced microleakage.
Crowns are relatively expensive restorations and therefore, it can be expected that they 
show a good longevity. Systematic reviews have shown that PFM crowns show annual 
failure rates (AFR) of 0.8–0.9% (Pjetursson et al. 2007; Sailer et al. 2015), Lithium-disilicate 
ceramic crowns show AFR of 0.7% while other types of ceramic crowns exhibited a 
somewhat higher AFR of 1.8–2% (Sailer et al. 2015). Although these systematic reviews 
are based on randomized clinical trials, that are considered as the highest available level 
of evidence, one has to take into account that observation times of the included clinical 
studies are relatively short, especially for a full crown restoration, and AFR tend to increase 
with increasing observation time (Opdam et al. 2014). Moreover, in these clinical trials 
often a relatively ‘low risk’ patient population is treated as for example bruxing patients 
are excluded in many study protocols (Opdam et al. 2017).
Therefore, it can be expected that crowns, when placed by general dentists, will show more 
failures as more high risk patients will be included and procedures are done during routine 
practice hours instead of following meticulously a research protocol without time pressure. 
Longevity data from crowns placed by general dentists are limited showing results varying 
from excellent performance in specialized practices (Segal 2001; Valenti and Valenti 2015), 
good performance of 1–2% AFR and less favorable failures rates of 3–5% in studies done in 
common general practices (Fyffe 1992; Sjogren et al. 1999; Van Nieuwenhuysen et al. 2003) 
or based on insurance data (Burke and Lucarotti 2012). These data are important as they 
express the outcome of regular care instead of high quality clinical research protocols.
In the Netherlands, almost all general practices use electronic patient files (EPF) and 
based on these files, a database on the survival of crowns placed in general practice can 
be designed. Since these types of data are relatively scare, the aim of the present study 
was to assess the longevity of single unit crowns placed by several general practices in the 
Netherlands and to investigate risk factors associated with crown failures.
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2  Materials and methods
This study is reported in accordance with the REporting of studies Conducted using 
Observational Routinely collected health Data (RECORD) (Benchimol et al. 2015).
2.1  Study design and setting
This was a retrospective longitudinal study, carried out by secondary data collection in 
a practice-based research network in The Netherlands. Data from single unit crown 
restorations, placed in both anterior and posterior permanent teeth, recorded by the 
electronic patient files of 8 dentists working in their general dental practices. Within 
these practices, only crowns from those patients that visited the practice for regular 
check-up at least once a year were included. Crowns that were placed between 1996 and 
2011 were collected from the Electronic Patient Files (EPF). Data was digitally extracted 
and transformed into an Excel data file. Researchers visited the practices and were given 
access to the electronic patient files (EPF) to check data on all placed crowns during the 
observation period, respecting privacy regulations related to the EPF. Design and protocol 
were approved by the local ethics committee, METC (CMO file nr. 2013/483).
2.2  Sample and variables
For each restoration, a set of variables was available from the EPF as collected by the 
dentists during their regular practice hours. The following data were extracted:
1  Patient level: gender and age were recorded, being the patient’s age used as a 
continuous variable. The periodontal health status of the patient was also collected 
which is expressed by a screening index named DPSI (A for DPSI 0,1,2; B for DPSI 3 and 4 
and C for DPSI 5) (Van der Velden 2009). In this index the A score represents absence of 
periodontitis, while B and C scores represent increasingly severe stages of periodontitis.
2  Tooth level: the tooth type was categorized in anterior teeth, premolars and molars, and 
categorized also by jaw (upper and lower). The type of single unit crown was categorized 
as full metal (FM), Porcelain fused to metal (PFM) or full-ceramic crown (FC). Moreover, 
it was checked by radiographs if the tooth was endodontically treated.
2.3  Outcome
For each crown restoration three dates were recorded: the date of placement of the crown, 
the date of an intervention on the crown (if present) and the date of the last check-up 
which was considered as the censoring date. The following three options could be valid as 
outcome:
1  When during the observation period no intervention was done on a crown, the 
restoration was considered as a success and censored at the last check-up date.
A practice based longevity study on single-unit crowns 57
2  The restoration was considered as failed if a crown was replaced or the involved tooth 
was extracted during the observation period
3  In those cases when interventions on the tooth did not lead to replacement or removal 
of the crown, in case of a repair, an endodontic treatment, or dislodgement and 
recementation of the crown, the status of the crown at the end of the observation time 
was considered as ‘survived’ (Anusavice 2012).
Reasons for placement of restorations could not be retrieved from the EPF. The reasons for 
failure or intervention were collected from the EPF by interpretation of the treatment code 
that was used for the intervention: extraction, endodontic treatment, direct restoration, 
crown recementation and placement of a new crown.
2.4  Statistical methods
Statistical analyses were performed using STATA 12 software package (StataCorp LP; College 
Station, TX, USA) and R version (Foundation for Statistical Computing, Vienna, Austria). 
The longevity of the crowns was explored by Kaplan Meier statistics, survival tables and 
curves were created. Descriptive statistics was used to report frequency distributions of 
restorations by independent variables. Out of the survival tables, mean Annual Failure 
Rate (AFR) for 5 and 11 years was calculated according to the formula: (1-y)10 = (1-x), in which 
‘y’ expresses the mean AFR, and ‘x’ the total failure. The proportionalhazards test was 
assessed for each variable. To compare influence of different variables on the outcomes 
survival and success, a multivariate Cox-regression analysis with clustering data for 
patients with multiple restorations was conducted. Hazard ratios (HRs) with respective 
95% confidence intervals (CIs) were determined. The dentist variable was included in 
adjustment of both models but the effect was not presented. A significance level of 5% 
was used for all analyses.
3  Results
From the patient files of 8 Dutch dentists, data on 3404 full crown restorations placed 
in 1557 patients [female (59.5%) and male (40.5%); Age range 16–85; mean age 48 years] 
were retrieved. The number of crowns performed per dentist varied from 171 to 783. 
The distribution of single unit crowns as well as patient and tooth related variables are 
shown in Table 1. Most of crowns were PFM (63.8%) placed in molars (58.1%) and non 
endodontically treated teeth (65.4%). The mean observation time of the crowns was 7 
years. The mean annual failure rate calculated for the success of crowns was 2.0% at 5 
years and 2.1% at 11 years and for the survival was 0.6% at 5 years and 0.7% at 11 years 
(Figure 1).
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Table 1 – Distribution of single unit crowns according patients and tooth related vari- ables. (n = 3404).
Figure 1 – Kaplan-Meier graph showing survival and success curves of single unit crows placed by 8 
Dutch dentist.
n %
PATIENT RELATED VARIABLES
Gender
Male 1372 40.3
Female 2032 59.7
DPSI
A/B 2603 76.5
C (periodontal compromised) 801 23.5
TOOTH RELATED VARIABLES
Endodontic treatment
Absent 2227 65.4
Present 1177 34.6
Tooth type
Anterior 450 13.2
Premolar 975 28.6
Molar 1979 58.1
Jaw
Upper 1931 56.7
Lower 1473 43.3
Type of Crown
PFM 2172 63.8
Full ceramic 1118 32.8
Full metal 114 3.4
A practice based longevity study on single-unit crowns 59
Figure 2 – Distribution of interventions performed by 8 Dutch dentist divided for success and for 
survival of single unit crowns.
 
In Figure 2, the interventions performed by each dentist during the observation period are 
shown, divided in success and survival of crowns. Most interventions were due to endodontic 
complications (28.7%) and dislodgement and recementation (25.1%) considering the 
survival of treatment. For success of crowns, extraction was the predominant (71%) 
intervention. From the results it can be seen that a considerable variation among dentists 
existed for type of interventions and for annual failure rates varying from 1.2% to 3.5% 
(success in 5 yrs) (Figure 4). Variation in type of interventions was also observed between 
endodontically and non-endodontically treated teeth. For nonendodontically treated 
teeth the most frequent intervention during the first two years of observation time was 
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an endodontic treatment. Over the years, the number of extractions gradually increased. 
On the other hand, for endodontically treated teeth, recementation was the most common 
intervention in the first 4 years of follow-up. (Figure 3)
Two multivariate cox-regression analyses were performed and results are shown in Table 
2. For the success of single unit crowns, restorations placed in anterior teeth [HR 1.46 
(1.05–2.03)] and molars [HR 1.24 (0.99–1.57)] showed a higher risk for failure compared to 
restoration placed in premolars. There was also a significant difference in performance 
between longevity of crowns for different jaw positions, with crowns in the maxilla being 
more prone to failure. A 25% higher risk for failure was observed in crowns placed in men 
compared to crowns placed in women. The most important risk factor for failure of crowns 
was the presence of an endodontic treatment, resulting in Hazard ratios of 1.31 for success 
and 1.89 for survival of single unit crowns. For the survival of crowns, increase in age 
results in a higher risk for failure.
Figure 3 – Distribution of interventions performed by 8 Dutch dentists according to endodontic 
treatment presence.
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Figure 4 – Kaplan-Meier graph showing success curves of single unit crows according 8 Dutch 
dentists.
Table 2 – Cox-regression analyses on factors related to failure of crowns. (n = 3404).
Success Survival
HR (95%IC) p-Value HR (95%IC) p-Value
PATIENT RELATED VARIABLES
Age (continuous variable)
Gender (ref = Female) 1.00 (0.99–1.01)   0.580 1.03 (1.01–1.05) 0.001
Male 1.25 (1.02–1.54) 0.035 1.11 (0.78–1.58) 0.550
DPSI (ref = A/B)
C 0.88 (0.68−1.14) 0.330 1.07 (0.71−1.62) 0.751
TOOTH RELATED VARIABLES
Endodontic treatment (ref = No)
Yes 1.31 (1.07–1.61) 0.009 1.89 (1.35–2.65) < 0.001
Tooth type (ref = Premolar)
Anterior 1.46 (1.05–2.03) 0.024 1.51 (0.90–2.54)   0.120
Molar 1.24 (0.99–1.57) 0.064 1.19 (0.81–1.75)   0.359
Jaw (ref = Lower)
Upper 1.26 (1.03–1.55) 0.024 0.88 (0.62–1.25) 0.490
Type of Crown (ref = PFM)
Full ceramic 0.82 (0.62–1.08) 0.160 0.94 (0.60–1.48) 0.201
Full metal 1.00 (0.57–1.74) 0.987 1.71 (0.76–3.83) 0.799
*  The cox-regression was performed with clustering for patient and the dentist variable was 
included in the model but not presented.
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4  Discussion
This clinical study investigated the longevity of single unit crowns, placed by 8 general 
dental practitioners in the Netherlands. The retrospective nature of the design includes 
several risks for flaws and bias. Inclusion bias will be present as dentists will have a 
different indication for teeth needing a crown. Those dentists that are more conservative 
and only place crowns in the most difficult situations (and choose for e.g. direct composite 
in other less riskfull and complicated situations where a colleague would still go for a 
crown) are likely to have more risk for failures. As an example, in another practice based 
study on endodontically treated teeth, molars with a direct composite restoration had a 
better survival compared to teeth that received a crown, but the practitioner indicated 
that he only would make a crown when a direct composite restoration was not possible 
anymore, resulting in ‘difficult cases’ being crowned, and less riskfull cases being restored 
with direct composite (Skupien et al. 2013). This phenomenon of inclusion bias will be 
present in most practice based studies.
Evaluation bias will be present as the dentists have to evaluate their own work and 
moreover, they will have different criteria for intervention. As an example when crowned 
teeth show up on a check-up with small defects like porcelain chippings and marginal 
defects, some dentists may choose to do a repair (which is recorded as a direct restoration 
in the dataset) while others prefer refurbishment or monitoring of the situation, which 
is likely not recorded in the dataset and the crown is defined as a success. As can be seen 
in Figure 2, especially the percentage of direct (repair) restorations show remarkable 
differences among dentists which may be an indication for this phenomenon. It has been 
shown that dentist related factors such as time since graduation and gender influence 
the longevity of crowns (Burke & Lucarotti, 2009). The present group of dentists is small 
and not representative for the Dutch dentist population. They were especially motivated 
to join in a practice based research network and all of them graduated more than 15 
years ago. Therefore, we considered not appropriate to investigate more dentist related 
factors.
Another limitation of the present study is the absence of variables on patient level that 
are likely to play a significant role in survival of restorations, as bruxism and caries risk. 
Several longevity studies have demonstrated the effect of these risk factors [3,15,16] with 2 
to 4 times higher risk for failures in patients with a high risk profile. In the investigated 
dental practices, risk assessment was not a routine during the observation period and 
therefore, we could not retrieve those data. Data on the periodontal status of the patient 
are standardized recorded by the general practitioners by means of the Dutch Periodontal 
Screening Index DPSI (Van der Velden 2009) and this risk factor could be included in the 
longevity analysis, but no influence could be demonstrated of a compromised periodontal 
status to the longevity of crowns.
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The large number of assessed crowns (3404) enables to provide insight in ‘what is going 
on in the real world’ showing the results of 8 general practices in all its diversity. For data 
collection, researchers actually visited the practices to obtain as much information as 
possible on the placed crowns by looking to the patient files and other info like laboratory 
info to have the dataset as reliable as possible. In the diversity of the dataset, it was 
impossible to collect data on specific details like ferrule, remaining tooth structure, 
quality of endodontic treatments, core build ups and cementation details, which are all 
possible relevant factors, but impossible to be subject of investigation within the limits of 
the present study design.
Looking at the main results there are some important aspects to be discussed. First of all, 
the survival of crowns placed by general practitioners, expressed in annual failure rates of 
single unit crowns with 1.1–3.5% AFR for success and 0.4–1.5% for survival of crowns (Figure 
2) are quite acceptable. From RCTs and systematic reviews, Annual failure rates (for success) 
are reported between 1 and 2% (Van der Velden 2009; Reitemeier et al. 2013; Larsson and 
Wennerberg 2014; Pieger et al. 2014; Aldegheishem et al. 2017) which is somewhat better as 
the outcome from the present study, but is likely as results from RCTs, where restorations 
are placed in ideal circumstances and oftentimes with bruxism patient excluded. In the 
same way, the obtained results are superior to some other results of routine dentistry by 
GDPs. Regarding outcomes of crowns placed in a general practice environment, there are 
reports based on a huge database of dental treatments that are done in the English NHS. 
Those studies report higher annual failure rates for success as our study with 3,5–5% for 
crowns placed by GDPs (Burke and Lucarotti 2009a). A prospective study by Reitemeier 
et al. reported 0.8% AFR for Survival (with tooth extraction and crown replacements as 
outcome) which is comparable to the outcome of the present study showing AFR varying 
from 0.4-1.5%. Finally, a recent study showed a high survival rate (almost no failures) of 
different types of crowns over 50 years in clinical practice with annual follow-up and good 
oral hygiene (Olley et al. 2017). 
The second main outcome of this practice based study is the remarkable variation among 
dentists, not only when comparing survival and success rates, that is illustrated in 
diverging Kaplan Meier curves for different practices (Figure 4), but is also apparent when 
looking at the intervention pattern by the individual practices (Figure 2). Some dentists 
seldom had to recement a crown, while for another dentist this was the most predominant 
intervention, indicating differences in cementation procedures and products as well as 
preparation designs being different in their retentive capacities. Also remarkable are the 
already mentioned differences in direct (repair) restorations between dentists which might 
be an indication for different ways to deal with chipping fractures and small deficiencies 
rather than indicating differences in material properties of crowns and cements. For the 
individual dentists, it might be good to compare their own intervention pattern with 
colleagues as a reflection on their own work. These variations in restorations survival was 
also found in practice based studies on direct restorations (Collares et al. 2016; Laske et 
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al. 2016a; Laske et al. 2016b) and brings up the interesting and relevant topic for future 
research how to explain these differences.
When comparing the type of intervention to the outcome of the practice based study based 
on the English NHS data (Burke and Lucarotti 2009b), some differences appear: in the NHS 
study, 36% recementations were reported, 17% replacement crowns, 19% extractions, 
which are all more compared to the present dataset, indicating that the present group 
of GDPs have a considerable high standard of working and/or the patient population 
included a considerable number of low risk patients. The number of restoration repairs 
and endodontic treatments (resp. 13% and 12% in the NHS data) do not differ that much 
which might be related to the more biologically related causes for these interventions. 
From the cox-regression analyses, several risk factors came up as significant, which 
have to be discussed. The age of the patient was a risk factor for survival, with older 
patients having probably a higher risk for tooth extraction instead tooth maintenance, 
which might be an indication for elderly people not so motivated anymore to keep their 
own teeth as younger people, or may also be explained by elderly people suffering from 
complex health problems leading to irreversible oral problems leading to an increased 
number of extractions (Gil-Montoya et al. 2015).
Gender is a risk factor for success with male having a 25% higher risk for interventions 
to occur. This is not so easy to explain, unless we can argue that male produce higher 
masticatory forces leading to more problems related to bruxism (Milosevic and 
Burnside 2016; Loomans et al. 2018), which can result in crown fracture, tooth fracture, 
dislodgement. Moreover, levels of oral health care have been reported to be better for 
women (Lintula et al. 2014).
Also, crowns in the upper jaw are more at risk for interventions compared to crowns in 
the lower jaw. As most of the crowns in the anterior region will be placed in the upper 
front teeth, that have a high demand for good esthetic appearance, the increased risk for 
interventions may be related to esthetics. For the tooth type, premolars appeared to have 
the best success rate with significant less interventions compared to front crowns, which 
also will be related to the before mentioned aspect of esthetical appearance. A recent 
meta-analysis by Kassardijjan et al., [26] showed that anterior all ceramic crowns are not be 
confirmed by the present dataset, but may be related to the multivariable character of a 
practice based study compared to the more controlled circumstances of controlled clinical 
trials that were the base of the meta-analysis.
Due to retrospective characteristic of collection data, it was only possible to assess the 
presence of endodontic treatment by radiographic evaluation, accepting that some teeth 
which have not been endodontically treated but may be non-vital. For this reason, we 
avoided to use the terms vital and non-vital teeth. A remarkable risk factor for survival as 
well as success is the presence of a root canal treatment in the tooth to receive a crown with 
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a 90% higher risk for crown and tooth loss on the long term. This risk is also demonstrated 
for direct restorations (Laske et al. 2016a), posterior composite restorations (Laske et al. 
2016b), front veneers (Coelho-de-Souza et al. 2015) as well as crowns (Lucarotti et al. 2014). 
The growing body of evidence in the literature that endodontically treated teeth are more 
at risk for failure supports the modern minimally invasive concept that recommends to 
avoid endodontic treatments and keep pulps vital as much as possible (Lintula et al. 2014; 
Schwendicke et al. 2016). Also the practice of elective endodontics previously to placing 
a crown, which avoids having to drill through a relatively new crown (which is disliked by 
the patient) may on the long term well end into more complications and tooth loss, and 
therefore cannot be recommended.
Although in some clinical studies and reviews differences in longevity were found between 
different types of crowns (Burke and Lucarotti 2009a), other studies only demonstrated 
an inferior performance of certain types of all ceramic crowns compared to PFM crowns, 
while the most modern types of all ceramic crowns show comparable outcome with AFRs 
of 1% (Sailer et al. 2015). In the practice based dataset from the present study, it has to 
be realized that all-ceramic crowns as well as PFM crowns are likely to be from several 
different materials and brands, as will be dental labs that manufactured the crowns. Still 
the finding that both types of crowns showed similar survival rates supports the change in 
prosthetic dentistry towards metal free restorations as they showed comparable survival 
in the investigated practices.
5  Conclusion
Within the limitation of this practice based study, it can be concluded that in a selected 
group of general dental practices, crowns showed a good to acceptable success and 
survival rates, mainly dependent from the practice. An endodontically treated tooth was a 
significant risk factor leading to more failures.
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Abstract 
Objectives  This study aimed to evaluate the quality of posterior restorations (amalgam 
or composite) placed in adults from a birth cohort and its association with clinical and 
socioeconomic determinants experienced during their life course.
Methods  A representative sample (n = 539) of all 5914 births occurring in Pelotas (Brazil) 
in 1982 was prospectively investigated. Quality of posterior restorations (satisfactory 
or unsatisfactory) was assessed at 31 yrsold, using modified USPHS criteria. Trained and 
calibrated dentists performed clinical examination. Explanatory variables included 
demographic and socioeconomic, oral health and dental service utilization patterns 
during the life course. Tooth related variables (type of tooth, material, size of cavity) 
were also analyzed. Untreated caries and socioeconomic status were assessed by group-
based trajectories analyses. Multilevel Regression models were used to determine factors 
associated with restoration outcomes.
Results  In total 2123 restorations (53% composite) were evaluated of which 107 (5%) were 
assessed as failed. The main reasons for failure were tooth/restoration fracture (50.5%) 
and secondary caries (30.7%). Failures in posterior restorations showed a significant 
association with socioeconomic aspects (lower tertile of income at age 30 
–   prevalence ratio (PR) 2.21 [95% CI 1.19–4.09]), clinical variables (trajectory of higher 
untreated caries
–  PR 2.11 [95% CI 1.23–3.61]) and also with tooth-related factors (Restorations involving 
three or more surfaces
– PR 5.51 [95% CI 3.30–9.19]) after adjustment for each other.
Conclusions  These findings suggest that, although tooth-related variables have an 
important role in restoration longevity, patient-related factors, such as socioeconomic 
variables and untreated caries are also associated with failure and should be taken into 
account when evaluating longevity of posterior restorations.
Clinical signiﬁcance  This was the first study assessing long-term trajectory of untreated 
caries, showing an association between higher experience of caries during the life-course 
and unsatisfactory restorations. The findings suggest that individual related factors 
should be considered when planning treatment and in future research evaluating the 
longevity of dental restorations.
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1  Introduction
Direct restorations are the most common option for dentists to replace dental structure 
in posterior teeth. The advantages are the relatively low cost and limited need for removal 
of healthy dental tissue when compared to indirect restorations (Manhart et al. 2004). 
In addition, direct restorations have been widely used also because of their good clinical 
performance (Opdam et al. 2007; Da Rosa Rodolpho et al. 2011; Kopperud et al. 2012).
Currently, amalgam and composite resins are the first choice materials for class I and class 
II restorations, presenting a similar annual failure rate (Demarco et al. 2012; Opdam et al. 
2014; Laske et al. 2016a). Secondary caries and tooth or restoration fracture are the most 
common reasons of restoration failures (Demarco et al. 2012). In recent years it is being 
recognized that restoration failure is not only linked to clinical factors but also to patient 
factors(Van De Sande et al. 2016), including socioeconomic (Correa et al. 2013), clinical (da 
Rosa Rodolpho et al. 2006; Bernardo et al. 2007; Burke and Lucarotti 2009) and dentist 
related variables (Laske et al. 2016b; Laske et al. 2016a).
Dental caries is one of the most investigated factors related to patient. Studies on longevity 
of restorations have been using a variety of methods to assess individuals’ caries risk, such 
as the caries experience measured by DMFT index (Laegreid et al. 2012), the history of new 
lesions in short periods of time by clinical (Opdam et al. 2010) or radiographic evaluation 
(Nordbo et al. 1998) and; the number of restorations in mouth (Soncini et al. 2007). In all 
cases, an increased caries risk has a negative influence on longevity of restorations. An 
analysis in a birth cohort has shown that the progression of caries occurs relatively linearly 
during life, i.e., the rate of disease progression is relatively constant over time, varying 
according to the risk of each individual (Broadbent et al. 2008). In this way, it would be 
interesting to evaluate if the risk of caries, represented by the trajectory of the disease in 
the life course, would be associated to a higher risk of failures in restorations.
Birth cohort studies provide reliable data on exposures and outcomes during life course, 
which is difficult to determine by other study designs (Horta et al. 2015). There are few 
population-based studies that have evaluated the influence of individual-related factors 
on the quality of restorations (Bernardo et al. 2007; Burke and Lucarotti 2009; Correa et 
al. 2013). Thus, the aim of this paper was to assess the association between failure of 
restorations and individual and clinical factors experienced during life course.
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2  Materials and methods
This birth cohort study is reported in accordance with the STROBE statements guidelines.
2.1  Pelotas cohort study 1982
Pelotas is a medium-sized city located in a relatively affluent area in the south of Brazil. In 
1982, all infants born at three maternity hospitals in the city were identified, and the 5914 
live-born infants and their mothers were weighed and measured; the mothers were also 
interviewed. This population has been followed several times, and further information is 
available elsewhere [20]. In 1997 (when the children were 15 yrs of age), a systematic sample 
of 70 census tracts (27% of the total) was selected, and every household in these tracts was 
visited; 1076 cohort members were interviewed. Of these, 900 were randomly selected for 
the Oral Health Study (OHS-97), which consisted of an interview and dental examination. 
In 2006, when those individuals were 24-years-old (OHS-2006), 888 subjects investigated 
in the OHS-97 (98.7%) were contacted for another assessment comprised of interviews 
and oral health exams. From those, 720 were clinically examined. In 2013, the same 888 
individuals investigated in the OHS-97 were again invited to participate in a new oral 
health assessment (OHS-13). In this last evaluation individuals were examined for quality 
of posterior restorations, presence of periodontal disease (bleeding on probing, probing 
depth and gingival margin), dental caries and other oral conditions. Oral examination 
was performed at home, using mirror, probe and artificial light, by six dentists previously 
trained and calibrated. Inter-examiner reliability was calculated and the lowest kappa 
for quality of restorations was 0.70. In order to assure the quality of the study, 15% of 
interviews were repeated.
2.2  Outcome – quality of restorations
All direct posterior restorations were clinically evaluated and classified as satisfactory or 
unsatisfactory based on criteria used previously on the same cohort (OHS-2006) (Correa 
et al. 2013). Restorations were classified as clinically satisfactory when they did not need 
an intervention (repair or replacement). This classification was originated from modified 
United States Public Health Service criteria (USPHS).
2.3  Tooth-level variables (Clinical factors)
At tooth-level, posterior restoration were assessed by: 1) Tooth type (premolars or molars); 
2) Number of surfaces involved on restoration (one; two; three or more surfaces); 3) 
Restorative material used (amalgam or composite); 4) Estimated time in mouth reported 
by individuals (up to 10 years and more than 10 years).
Higher experience of caries and lower income trajectory influence the quality of restorations 75
2.4  Individual level variables
Individual variables were obtained from previous assessments of the cohort. Individual 
educational level at age 30 was collected by the number of years of study and categorized 
in three groups (“more than 11 years”, “from 9 to 11 years”, “less than 9 years”). Family 
income at age 30 was continuously collected in Brazilian currency (US Dollar 1 = BRL 2.20) 
and analysed in tertiles (“Higher” (3120–25000 BRL), “Intermediate” (1751–3100 BRL), 
Lower (85–1747 BRL)). Use of dental services at age 31 was collected through the questions 
“Have you been to dentist in the last 12 months?” and “Where have you been attended?”. 
Subsequently, the variable was categorized in “private, no insurance”, “Public service, free 
of charge” and “Private, reimbursed by dental health insurance”.
To assess periodontal status of individuals, clinical attachment loss was clinically 
measured by probing depth (distance in millimeters between the gingival margin and 
gingival sulcus) and gingival level (distance in millimeters between the gingival margin 
and the cementoenamel junction). Periodontal examinations included a fullmouth 
protocol, probing six sites per tooth using a PCP2 probe. Individuals were classified 
following the criteria of Baelum & Lopez [21], where periodontal diseases were identified 
when individuals had at least one site with simultaneous presence of attachment loss of 4 
mm or more and bleeding on probing.
Dental caries experience was investigated at age 15, 24 and 31 by DMFT index (WHO 1997). 
The Decayed component (D) collected at these three moments was organized as a discrete 
variable. Through a group-based trajectory analysis, the trajectory of caries presence from 
age 15 to 31 was established.
The risk for occlusal stress due to parafunctions was assessed by seven questions to 
detecting possible signs of occlusal disorders (van de Sande et al. 2013). In addition, the 
presence of facets parallel to the normal planes of contour, noticeable flattening of cusps 
or incisal edges and/or total loss of contour and dentinal exposure when identifiable 
were investigated. Individuals were classified as having a high risk for occlusal stress 
when answered positively for two questions and presented at least one of clinical aspects 
investigated (van de Sande et al. 2013).
2.5  Data analysis
Software STATA version 14.2 was used for data analysis. Groupbased trajectory modeling 
was used to identify different trajectories for presence of caries throughout individuals 
life course. The method was designed to identify groups of individuals (clusters) that 
share similar trajectories of variables of interest measured over time. The models were 
estimated with the “traj” command (Jones and Nagin 2012).
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Decayed component (D) of the DMFT index collected in these follow-ups as discrete 
variables were used to create a life course trajectory for experience of dental caries. The 
parameters for trajectory model were determined based on the maximum likelihood 
of the quasiNewton method (Dennis et al. 1981; Jones and Nagin 2007). The model 
selection method considers the estimation of the latent number of categories and the 
order of the polynomial for each latent trajectory. The final number of trajectories was 
established when the sequential comparisons of the Bayesian information criterion (BIC) 
and the adjusted BIC between the model with k and k + 1 trajectories did not result in any 
more substantial difference in the BIC value. For each group, a quadratic trajectory was 
considered, starting with only one group in a null model. The BIC analysis supported a 
model of 2 trajectory groups, being classified as high and low untreated caries during life-
course.
Poisson multilevel regression models were used to analyze factors associated to quality of 
restorations, considering mixed effects and two levels of variables organization: tooth-level 
(level 1) and individual level (level 2). Variables selection in the model followed a theoretical 
model, based on the model proposed by Correa [10]. Independent variables were ordered in four 
blocks to determine their entry in the multilevel model. Demographic and socioeconomic 
variables were inserted in the most distal block in relation to the outcome, followed by use 
of dental service at 31 years and oral health variables. Tooth level variables were positioned 
in a different block as proximal determinants of restoration failures. All associations were 
adjusted for covariates positioned in the same and in the upper levels of the model. Goodness 
of fit of models was assessed using deviance (-2 log likelihood). Individual level variance of 
the models was assessed using the command “xtmrho”. This command provides the Median 
Incidence Rate Ratio (MIRR). However, due to cross-sectional characteristic of the outcome 
we have estimated the Prevalence Ratio as effect measure and, consequently, the individual 
level variance measure was the Median Prevalence Ratio (MPR).
2.6  Ethical issues
All phases of this study were approved by the Ethics Committee of the Federal University 
of Pelotas, Faculty of Medicine, #384.332. Written informed consent was obtained from all 
enrolled individuals or from their parents or legal guardians.
3  Results
The current subsample evaluated showed similarities with the original cohort sample 
in relation to demographic and socioeconomic characteristics. A total of 539 individuals 
were examined (61% of OHS97). Table 1 describes the presence of restorations according 
to socioeconomic and demographic factors and oral health. In this study 448 individuals 
(83.1%) who had at least one direct restoration in a posterior tooth were included, resulting 
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in totally 2123 restorations (928 amalgam (44.7%) and 1147 composite (55.3%)). The 
prevalence of restorations was lower for those individuals with lower family income and 
lower level of education, users of public health services compared with those who have 
used private dental service (No insurance) and those with high experience of untreated 
caries. Women had a higher prevalence of restorations compared to men. In relation of 
individuals characteristics, 23.4% of the individuals were included in the higher caries 
trajectory, 29.5% had high occlusal risk and 10.5% had periodontal disease.
From the total restorations, 107 (5%) presented some type of failure at examination, being 
tooth or restoration fracture (50.5%) and secondary caries (30.7%) the main reasons of 
failure. Most of the restorations were performed in the molars (78.9%), with one surface 
involved (65.3%), up to 10 years of estimated time in mouth (54.5%) and having composite 
resin as the restorative material (55.3%) (Table 2).
Table 3 presents the analysis of crude and adjusted multilevel regression model, specifying 
the levels and blocks of the theoretical model established for this analysis. The adjusted 
model showed that individuals with a lower family income at age 31 had a two times 
higher prevalence of unsatisfactory restorations than individuals with a higher income. 
The high experience of untreated caries group and the presence of periodontal disease 
were also associated with unsatisfactory restorations. Individuals in the high experience 
of untreated caries group showed a two times higher prevalence of unsatisfactory 
restorations compared to individuals in the lowest experience group (PR 2.21 [95% CI 
1.19–4.09]). Among dental level variables, only the number of tooth surfaces involved 
in the restoration was associated with restoration failure, with restorations with 3 or 
more surfaces showing a five times higher prevalence of restoration failure compared 
to restorations with only one surface (PR 5.51 [95% CI 3.30–9.19]). Untreated caries and 
presence of periodontal disease remained associated with the outcome even if adjusted 
for tooth-level variables. The analysis of individual level variance of final model revealed 
a MPR of 2.51. This measure can be interpreted as the increased risk for the presence of an 
unsatisfactory restoration if a restoration from the lowest risk individual was supposedly 
transferred to the highest risk individual.
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Table 1 – Distribution of total individuals of the sample and those presenting posterior restorations 
according to socioeconomic factors, oral health and use of dental services in a 31-year-old adult 
population. Pelotas, RS, Brazil (n = 448 individuals).
 
Variable/Category Presence of restoration Total of individuals
n (%) 448 
(83.1)
95% CI n (%) 539 
(100.0)
95% CI
Level 2 – Individual
Block 1
Gender 448 539
Male 215 (48.0) 43.3–52.7 273 (50.7) 46.3–54.9
Female 233 (52.0) 47.3–56.7 266 (49.3) 45.1–53.7
Family incomes at age 30 (tertiles) 393 470
Higher (3120–25000 BRL) 132 (33.6) 28.9–38.5 151 (32.1) 27.9–36.6
Intermediate (1751–3100 BRL) 134 (34.1) 29.4–39.0 162 (34.5) 30.2–39.0
Lower (85–1747 BRL) 127 (32.3) 27.7–37.2 157 (33.4)
Educational level at age 30 (years) 411 492
≥11 205 (49.9) 44.9–54.8 224 (45.5) 41.1–50.0
9 to 11 130 (31.6) 27.2–36.4 155 (31.5) 27.4–35.8
Up to 9 76 (18.5) 14.9–22.6 113 (23.0) 19.3–26.9
Block 2
Use of dental service at age 31 445 522
Private, no insurance 252 (56.6) 51.9–61.3 297 (56.9) 52.5–61.2
Public service 94 (21.1) 17.4–25.2 120 (23.0) 19.4–26.8
Private dental health insurance  99 (22.3) 18.5–26.4   105 (20.1) 16.8–23.8
Block 3
Non-treated Caries trajectory (from age 15 to 31) 448 539
Low 343 (76.6) 72.4–80.4 396 (73.5) 69.5–77.2
High 105 (23.4) 19.6–27.6 143 (26.5) 22.8–30.5
Periodontal disease 448 535
No 401 (89.5) 86.3–92.2 573 (88.4) 85.4–91.0
Yes 47 (10.5) 7.8–13.7 62 (11.6) 9.0–14.6
Parafuctional occlusal risk at 31 448 539
Low risk 316 (70.5) 66.1–74.7 381 (70.7) 66.6–74.5
High risk 132 (29.5) 25.3–33.9 158 (29.3) 25.5–33.4
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Table 3 – Crudec and adjusteda prevalence ratios for independent variables from tooth and individual 
level and quality of amalgam and composite restorations in a 31-year-old adult population. Pelotas, 
RS, Brazil. Multilevel analysis (n = 448 individuals; 2123 restorations).
Variable/Category Crude analysis Block 1 Block 1 + 2 Block 1 + 2 + 3 Tooth + Individual 
level
PRc (95% CI) PRa (95% CI) PRa (95% CI) PRa (95% CI) PRa (95% CI)
LEVEL 2 – INDIVIDUAL
Block 1
Gender (ref = Male)
Female 0.91 (0.57–1.45)
Familiar income at age 30 (ref 
= Higher)
Intermediate 1.65 (0.88–3.07) 1.65 (0.88–3.07) 1.58 (0.85–2.95) 1.48 (0.80–2.74) 1.42 (0.75–2.69)
Lower 2.21 (1.19–4.09) 2.21 (1.19–4.09) 2.29 (1.23–4.26) 1.84 (0.99–3.45) 1.87 (0.99–3.54) 
Educational level at age 30 (ref 
= ≥ 12)
9–11 1.03 (0.58–1.81)
Up to 8 2.04 (1.08–3.83)
Block 2
Use of dental service at age 
31 (ref = Private dental health 
insurance)
Private, no insurance 0.74 (0.39–1.40) 0.58 (0.29–1.17) 0.50 (0.25–1.01)  0.48 (0.23–0.99)
Public service 0.54 (0.29–1.01) 0.60 (0.32–1.14) 0.53 (0.28–1.01) 0.61 (0.32–1.16)
Block 3
Non-treated caries trajectory 
(ref = Low)
High 2.22 (1.33–3.70)  2.11 (1.23–3.61) 1.81 (1.03–3.18)
Periodontal disease at age 31 
(ref = No)
Yes 2.23 (1.17–4.27) 1.91 (0.98–3.74) 2.07 (1.03–4.17)
Occlusal stress risk at age 31 
(ref = low)
High risk 0.83 (0.50–1.39)
LEVEL 1 – TOOTH
Block 4
No of surfaces involved (ref = 1)
2 1.99 (1.18–3.35) 1.92 (1.12–3.36)
3 or more 5.99 (3.67–9.78) 5.51 (3.30–9.19)
Estimated time in mouth (ref = 
Up to 10 years)
More than 10 years 0.91 (0.79–1.06)
Tooth type (ref = Premolars)
Molars 0.89 (0.54–1.48) 0.68 (0.39–1.20)
Material (ref = Amalgam)
Composite 1.41 (0.92–2.18)
−2 log likelihood 833.8 (Empty model) 752.5 747.4 736,0 670.2
MPR 2.79 (Empty model) 2.73 2.63 2.50 2.51
PR – Prevalence ratio, MPR – Median Prevalence ratio.
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4  Discussion
In the present study, lower family income at age 30, higher experience of untreated dental 
caries from age 15 to 31, presence of periodontal disease at age 31 and a greater number 
of surfaces involved in the restoration were associated with presence of unsatisfactory 
posterior restaurations. Moreover, it was observed 5% of failed restaurations at 
examination that is quite in line to others clinical studies (Demarco et al. 2012; Opdam 
et al. 2014). The low occurrence of the outcome compromised the precision of measures. 
However, even with this lower occurrence it was possible to detect several factors 
associated with quality of restorations. This was the first study assessing long-term 
trajectory of untreated caries, showing an association between higher experience of caries 
during the life-course and unsatisfactory restorations. In addition, this association was 
found in a population-based study, methodological design scarcely used to evaluate the 
quality of restorations. Some of these findings confirm the results found in this same 
cohort when the individuals were at age 24 (Correa et al. 2013). Due to the cross sectional 
design of the studies, it is not possible to evaluate the characteristics of the restorations 
between follow-ups. However, this study allowed to longitudinally investigated the 
influence of several variables collected over a long period of the individual’s life, such as 
dental caries trajectory, which has not yet been done in other studies. Our findings showed 
that a significant part of variance of outcome, measured using MPR (Merlo et al. 2006), is 
explained by variables at individual level, which highlights the need for assessment of 
individual factors in studies on longevity of restorations.
Several indicators or predictors of risk in the caries process may be necessary to establish 
a valid classification of caries risk (Twetman and Fontana 2009), which makes risk 
assessment rather complex. An alternative to these methods is to estimate caries risk 
through group-based trajectory modeling, where it is possible to establish different 
groups of individuals who share a similar caries exposure throughout life. Trajectory 
analysis is commonly used in population-based longitudinal studies (Peres et al. 2016) 
but has never been used for estimating caries risk in studies on quality of restorations. 
The follow-up of the non-treated component (D) of the DMFT index could represent an 
indicator of risk for disease in the life course, and a significant increase in the number of 
failed restorations was found in the high non-treated dental caries group. The inclusion of 
filled component of DMFT could also reflect caries risk, however, considering that quality 
of restorations was the outcome of the study, the association with this component would 
be obvious. Our findings reinforce previous results that already pointed dental caries as an 
important risk factor for failure of restorations (Opdam et al. 2007; Kopperud et al. 2012; 
van de Sande et al. 2013). Obviously, patients with high risk of caries are more likely to 
develop new lesions, including those adjacent to restorations, leading to their failure. In 
fact, secondary caries was the second most frequent cause of failure in our study.
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Another individual factor that was associated with a higher prevalence of unsatisfactory 
restorations was the presence of periodontal disease. Differently from caries, there is 
not appearing to exist a direct causal relationship between the presence of periodontal 
disease and the occurrence of failed restorations. It is known that periodontal disease 
is a chronic disease, strongly determined by habits and behaviors related to individual 
health (Thomson et al. 2012). Thus, the most plausible hypothesis to explain this 
association would be that the presence of periodontal disease behaved as a proxy variable 
for deleterious individual habits, such as poor oral hygiene and irregular use of dental 
services, which could also reflect the greater presence of unsatisfactory restorations in 
these individuals.
Several studies point out the role of social determinants in oral health conditions [32]. 
On the other hand, data regarding the role of these factors on quality of restorations 
are rare. One of the few studies that investigated this association was performed in 
the same birth cohort, showing that unfavorable socioeconomic trajectory during life 
course are associated with a higher presence of unsatisfactory restorations (Correa et 
al. 2013). Our findings confirm this hypothesis, additionally, a social gradient in the 
occurrence of restorative failures i.e. worsening of the socioeconomic level increased 
the occurrence of unsatisfactory restorations. This might be explained by the strong 
association between socioeconomic factors and dental caries, but also may be due to 
the better access and utilization of dental services by higher socioeconomic groups. In 
that case, failed restorations are more likely to be repaired more quickly. Differences on 
quality of restorations due to factors related to dentists may also play a role. It is possible 
that people with high SES have access to more qualified professionals, resulting in better 
restorations. However, it was not possible to investigate factors related to the dentists due 
to the design of this study.
Among tooth-level variables, the only one remaining in the final model was the number of 
surfaces involved in the restoration. Several studies corroborate to our findings, showing 
an increased risk of failure as the number of restoration surfaces increases (Demarco et 
al. 2012). In this way, results validate the simplified evaluation of restorations adopted in 
study, performed out of clinical setting.
The investigation of life course health conditions allows us to understand and evaluate 
the effects of social and biological variables recorded at different ages of life on the 
occurrence of several health problems (Thomson et al. 2004). This study was carried out 
in a birth cohort where individuals have been systematically monitored since 1982 for 
different health outcomes, allowing accurate collection of exposure variables occurring 
in different periods. Furthermore, this population-based study allows the investigation 
of different risk factors related to individuals, which are often excluded from clinical 
trials in restorative dentistry. In order to isolate the variable of interest, which is usually 
related to materials and techniques, clinical studies choose to standardize individuals and 
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procedures, excluding potential risk factors from the analysis. However, in everyday dental 
care, understanding the role of patient-related factors in might be crucial for a more 
personalized oral health care.
Although this study shows longitudinal design characteristic, it was impossible to perform 
a longitudinal follow-up of the outcome, including a survival analysis of restorations, 
which is a limitation of our study. In a population-based study, where people consulting a 
wide variety of professionals and available services in the region, and in the absence of an 
integrated system of registry of health procedures in Brazil, it is impossible to determine 
what happened with each restoration between two follow-ups at age 24 and 31, limiting 
the outcome analysis to a new cross sectional study.
5  Conclusion
The present findings reinforce the important role that socioeconomic and oral health 
factors play in the quality of restorations, showing that individuals with a high trajectory 
of non-treated caries, poor oral health conditions and unfavorable socioeconomic status 
have a higher prevalence of failed restorations.
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Abstract
Clinical research of restorative materials is confounded by problems of study designs, 
length of trials, type of information collected, and costs for trials, despite increasing 
numbers and considerable development of trials during the past 50 years. This opinion 
paper aims to discuss advantages and disadvantages of different study designs and 
outcomes for evaluating survival of dental restorations and to make recommendations 
for future study designs. Advantages and disadvantages of randomized trials, prospective 
and retrospective longitudinal studies, practice-based, pragmatic and cohort studies are 
addressed and discussed. The recommendations of the paper are that clinical trials should 
have rational control groups, include confounders such as patient risk factors in the data 
and analysis and should use outcome parameters relevant for profession and patients.
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1  Introduction
Clinical research of restorative materials is confounded by problems of study designs, 
length of trials, type of information collected, and costs for trials, despite increasing 
numbers and considerable development of trials during the past 50 years. In the 1970s the 
first clinical studies on the performance of direct composites were published at a time when 
amalgam remained the gold standard material for direct restorations in posterior teeth [1–3]. 
At that time performance investigations were more about the potential of test materials 
rather than effectiveness in everyday clinical practice, resulting in highly controlled studies, 
typically undertaken in academic institutions. Such studies revealed a great deal about the 
clinical performance of the materials under investigation, but had dubious applicability in 
the primary care settings. Today, there is an upcoming of so-called practice based studies 
that attempt to collect data from general practices, but at the same time include the risk to 
be flawed  by untrained practitioners in placement, management, and assessment.
To reduce selection bias and allow restorations of different materials to be evaluated according 
to standardised and controlled protocols, well defined criteria for evaluating restorations were 
developed and introduced. For direct restorations, USPHS or Ryge criteria were published, 
with modified versions still being used today to assess various features of restorations [4,5]. To 
modernise this method for the evaluation of dental restorations, new criteria were published 
by the FDI in 2007 [6–8]. These criteria were updated in 2010 [6–9]. Basically, this method for the 
assessment of the clinical performance of restorations requires that:
–  Patients should be recalled for restoration evaluation visit (best within specific 
timeframes)
– All restorations should be clinically evaluated by calibrated evaluators.
–  The evaluators should use prescribed list of criteria to assess qualities of the 
restorations, based on specific grades varying from excellent to poor in need of 
replacement [4,5]. The number of used grades depends on the aim of the evaluation.
However, the detailed type of evaluation requires huge, sustained effort and incurs 
high costs for the recruitment of patients, the placement and baseline evaluation of the 
required number of restorations, and for the recall of patients at specific time points for 
the detailed assessment of the qualities of individual restorations, typically including 
clinical photographs and the recording of impressions. Costs may limit a study’s follow-
up period, frequency of recall visits, let alone the number of patients included in the trial 
– factors critical to the viability of the investigations. Moreover, the relevance of such 
outcome measures to patients, providers and payers needs to be questioned [10].
To avoid selection bias and assessments of the efficacy of restorative materials and 
different treatment modalities, randomized controlled clinical trials (RCT) have been 
favoured in the past, being widely considered to be the best design to answer specific 
questions in clinical research. However, RCTs in dentistry are extremely resource intensive 
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and costly and oftentimes performed under artificial conditions with limited external 
validity. Furthermore, many RCTs in dentistry suffer from limited sample sizes and 
relatively high participant attrition rates over, in particular, extended observation times, 
while materials under investigation are already replaced on the market.
The often proclaimed demand for more randomized clinical trials with longer observation 
times could be considered to be unhelpful, indeed unrealistic. Consequently, additional 
alternative designs and outcomes should be considered and accepted by funders and 
reviewers of research on the clinical performance of dental restorations. For example, 
retrospective clinical studies have the capacity to provide data over extended observation 
times on large numbers of restorations placed by general practitioners [10–12]. These trials seek 
different outcomes (oftentimes less standard ised and granular than RCTs), which merit more 
detailed consideration for their validity, sensitivity and reliability in guiding practitioners in 
primary care settings [11]. More over, other designs like cohort studies should be considered. 
Cross sectional studies, that are often used to reflect the situation in general practice are 
unreliable for providing longevity data and should not be used for that purpose [13].
This opinion paper aims to discuss advantages and disadvantages of different study 
designs and outcomes for evaluating survival of dental restorations and to make 
recommendations for future study designs. It should serve as a basis for further 
discussions on the most efficient and effective use of resources available for clinical 
research in restorative dentistry to better serve both the advancement of the art and 
science of dentistry and the consumers of oral healthcare—our patients [12].
2  Clinical studies of different designs
In an attempt to get an overview of different types of studies, research questions, clinical trial 
methodologies, variables and outcomes, a literature search was performed. An overview of 
longevity studies on direct posterior composite restorations published over the last 10 years 
(from January 1st, 2005 to September 30th, 2015) is set out in Table 1. The selection of studies 
was based on a search of the National Library of Medicine international electronic database 
— MEDLINE/PubMed (Table 2). The search was restricted to papers written in English. Table 1 
divides the 87 selected studies into “prospective” and “retrospective” and includes details 
on study characteristics and the statistical analyses performed. Detailed information on the 
assessment of each individual study is presented in Appendix A (Supplementary material). 
From Table 1, it can be seen that more than 60% of the prospective clinical studies had less 
than 100 restorations included, observation times of <5 years, and 60% of the studies did 
not provide information on important patients’ risk factors such as caries experience and 
parafunctional habits. Moreover, only a limited number of the prospective studies assessed 
the influence of risk factors on the longevity of restorations by means of multivariable 
statistical analyses. More importantly, given relatively short observation times, 20% of the 
studies included no data on restoration failures.
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Table 1 – Descriptive analysis on studies evaluating longevity of posterior composite restoration  
(n = 87) according study characteristic and statistical analysis performed. (Studies published between 
2005 and 2015).
Variables Retrospective 
studies n (%)
References Prospective 
studies n (%)
References
STUDY CHARACTERISTIC
Funding of the study
By dental manufactures 0 (0.0) – 28 (37.3) [31,32,51–76]
By private or public 3 (25.0) [33,42,77] 23 (30.7) [17,19,27,28,78–96]
institutions
Not reported 9 (75.0) [43,44,97–103] 24 (32.0) [30,104–126]
Observation time
Up to 5 years 2 (16.7) [98,100] 57 (76.0) [30,32,33,42–44,51–62,64–73,75–80,82, 
84–87,92,94,95,97–108,110–114,117–126]
5 years or more 10 (83.3) [33,42–44,77, 
97,109,101–103] 
18 (24.0) [17,19,27,28,31,63,74,81,83,88–91,93, 
96,109,115,116]
Restorations included
Up to 100 2 (16.7) [97,100] 49 (65.3) [30–33,42–44,52–54,56–58,61,63,64,66–
73,75–80,82–84,86–88,90,96–115,117,122–
126]
More than 100 10 (83.3) [33,42–44,77,98, 
109,101–103] 
26 (34.7) [17,19,27,28,51,55,59,60,62,65,74, 81,85, 
89,91–95,116,118–121]
Participants included
Up to 100 5 (41.7) [42–44,97,109] 67 (89.3) [30–33,42–44,51–54,56–64,66–115,117, 
119–126]
More than 100 7 (58.3) [33,77,98,100–103] 8 (10.7) [17,19,27,28,55,65,116,118]
Risk Patients excluded
Yes 4 (33.3) [33,42,101,102] 45 (60.0) [19,30–32,51–53,56–64,66–69,72,75,76, 
82–85,87,104,105,107,108,110–113,117–126]
No 3 (25.0) [43,98,109] 20 (26.7) [27,54,55,62,65,70,71,74,81,86,88–96,116]
Not reported 5 (41.7) [44,77,97,100,103] 10 (13.3) [17,28,73,78–80,106,109,114,115]
STATISTICAL ANALYSIS PERFORMED
Survival rate
No 0 (0.0) – 36 (48.0) [17,27,30,51–53,59,61,65,67–69,72,73,75,76, 
79,80,82,85,87,88,104,107–110,112,114,115, 
117,120,123,124,126]
Yes 12 (100.0) [33,42–44,77, 
97–103]
39 (52.0) [28,31,32,54–58,60,62–64,66,70,71, 
74,78,81,83,84,86,89–96,105,106,111, 
113,116,118,120,122,125]
Multivariable regression model
No 3 (25.0) [33,109,100] 71 (94.7) [17,19,30–33,42–44,51–54,56–105,107–126]
Yes 9 (75.0) [42–44,77,97,98, 
101–103]
4 (5.3) [27,28,55,106]
Reasons for failure reported
No 1 (8.3) [103] 3 (4.0) [59,114,123]
Yes 11 (91.7) [33,42–44,77,97–
102]
57 (76.0) [17,19,27,28,32,33,42–44,51–59,62–65, 
68–72,74,77,79–86,88–109,111–113,115, 
116,118–122,124]
No failures 0 (0.0) – 15 (20.0) [30,31,60,61,66,67,75,76,78,87,110,117, 
125,126]
Total 12 (100.0) 75 (100.0)
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Table 2 – Structured search strategy carried out in MEDLINE/PubMed database.
Search Topic and terms
#4 Search #1 AND #2 AND #3
#3 Composite resin/dental restoration:
((“composite resins” [MeSH Terms] OR “resins, composite” [Title/Abstract] OR (“compos-
ite” AND “resins”) [Title/Abstract] OR “composite resins” [Title/Abstract] OR (“composite” 
AND “resin”) [Title/Abstract] OR “composite resin” [Title/Abstract] OR “Dental Restoration, 
Permanent” [Mesh]  OR  “Dental  Restoration, Permanent” [Title/Abstract] OR “Permanent 
Dental Restoration” [Title/Abstract] OR “Restoration, Permanent Dental” [Title/Abstract] 
OR “Restorations, Permanent Dental” [Title/Abstract]  OR  “Dental  Restorations, Perma-
nent” [Title/Abstract] OR “Permanent Dental Restorations” [Title/Abstract] OR “Dental Per-
manent Fillings” [Title/Abstract] OR “Fillings, Permanent Dental” [Title/Abstract] OR “Per-
manent Dental Fillings” [Title/Abstract]  OR “Permanent Fillings, Dental” [Title/Abstract] 
OR “Permanent Filling, Dental” [Title/Abstract] OR “Dental  Filling, Permanent” [Title/Ab-
stract] OR “Dental Permanent Filling” [Title/Abstract] OR “Filling, Dental Permanent” [Title/
Abstract] OR “Filling, Permanent Dental” [Title/Abstract] OR “Permanent Dental Filling” 
[Title/Abstract] OR “Fillings, Dental Permanent” [Title/Abstract] OR “Dental Fillings, Per-
manent” [Title/Abstract]
#2 Survival analysis:
(“Survival” [All Fields] OR “Success” [All Fields] OR “Longevity” [All Fields] OR “Annual fail-
ure rate” [All Fields] OR “Clinical evaluation” [All Fields] OR “Survival Analysis”[Mesh] OR 
“Survival Analysis” [All Fields] OR “Analysis, Survival” [All Fields] OR “Analyses, Survival” [All 
Fields] OR ”Survival Analyses” [All Fields] OR “Failure” [All Fields] OR “Dental Restoration 
Failure”[Mesh] OR “Dental Restoration Failure”[All Fields] OR “Failure, Dental Restoration” 
[All Fields] OR “Restoration Failures, Dental” [All Fields] OR“ Failures, Dental Restoration” 
[All Fields] OR“ Restoration Failure, Dental” [All Fields] OR“ Dental Restoration Failures” 
[All Fields])
#1 Clinical trial/Longitudinal study/Retrospective study/Cohort study:
((“clinical” [Title/Abstract] AND “trial” [Title/Abstract]) OR “clinical trials” [MeSH Terms] 
OR “clinical trial” [Publication Type] OR random*[Title/Abstract] OR “random allocation” 
[MeSH Terms] OR “therapeutic use” [MeSH Subheading]) OR “Longitudinal Studies”[MeSH 
Terms] OR “Longitudinal Studies” [All Fields] OR “Longitudinal Study” [All Fields] OR “Stud-
ies, Longitudinal” [All Fields] OR “Study, Longitudinal” [All Fields] OR “Longitudinal Sur-
vey” [All Fields] OR “Longitudinal Surveys”[All Fields] OR “Survey, Longitudinal” [All Fields] 
OR “Surveys, Longitudinal” [All Fields] OR “Prospective Studies” [Mesh] OR “Prospective 
Studies” [All Fields] OR “Retrospective Studies” [MeSH Terms] OR “Studies, Retrospective” 
[All Fields] OR “Study, Retrospective” [All Fields] OR “Retrospective Study” [All Fields] OR 
“Clinical Evaluation” [All Fields] OR “Follow-up” [All Fields] OR “Cohort Studies” [Mesh] OR 
“Cohort Studies” [All Fields] OR “Cohort Study” [All Fields] OR “Studies, Cohort” [All Fields] 
OR “Study, Cohort” [All Fields])
From the 10 year look-back review, prospective controlled studies, despite having better 
quality of design (e.g. risk of bias definition — something we admittedly did not assess 
here), it may be concluded that the considerable effort (and cost) of running the typical 
prospective trial results in important limitations linked to observation time, low number 
of retained patients and statistical underpowering. Furthermore, there is evidence that 
an increasing number of RCTs are being performed to investigate materials that “do 
not outperform in vitro, lack fundamental properties, or do not fulfil the prerequisites 
required for clinical trials” [14].
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3  Relevant research questions
When a clinical study is being planned, one of the main questions should be: will the 
design and expected outcome contribute to better care in dentistry? Clinical relevance of 
studies will be improved if problems and questions general practitioners face every day 
will be addressed by the research. In our opinion, the following questions could have such 
relevance:
3.1  Technique comparisons
Studies comparing two fundamentally different restorative techniques for a specific 
situation, such as indirect versus direct restoration [15], mechanistic, interventive amalgam 
techniques versus minimum intervention composite
resin techniques [16,17], repair versus replacement [18], intervention versus no intervention. 
The number of prospective clinical studies addressing such issues is limited, possibly 
given the lack of funding and sponsoring opportunities — manufacturers have limited 
interest in these types of studies, and only RCT’s comparing amalgam and composite have 
been supported by the American NIH in recent times [17,19]. Another problem is the number 
of variables involved, especially when fundamentally different techniques and materials 
are compared, e.g. amalgam vs. composite. However, these types of comparisons are 
important for dentists when it comes to effecting a change in behaviour, such as a shift 
to the use of composite rather than amalgam in the management of primary lesions of 
caries requiring operative intervention. Behavioural change with many new technologies 
is highly relevant to the further development of the profession.
3.2  Materials testing
Research questions testing a new material or technique as an alternative to an existing 
(gold standard) material or technique that might offer major improvements in longevity, 
applicability, safety or efficiency [20,21]. Studies comparing a new material with an existing 
material (e.g. a new, supposedly improved formulation vs. the current formulation) 
might not have high clinical relevance if the existing standard material already performs 
sufficiently [22,23]. Moreover, one should note that any performance against the gold 
standard materials may well require high sample sizes to yield statistical significant 
differences, given the excellent performance of ‘gold standard’ materials. Considerations 
of the relevance of differences which are hard to demonstrate should be a focus in future 
trial reports [24].
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3.3  Assessing patient risk factors
Studies investigating the influence of risk factors on longevity that are related to the 
human factors in dentistry: patients and dentists. While most clinical studies focus on 
materials and their properties, it is increasingly recognised that other factors, including 
caries risk, bruxism, socio-economic status and operator variables [25–28] play a major, and 
even dominant role in restoration longevity.
3.4  High risk testing
Studies aiming to test the performance of restorative work in challenging clinical 
situations [29] may be considered to be ‘high risk testing’. Many clinical studies exclude 
high risk patients, notably high caries risk patients and patients with bruxism from their 
study population [30,31]. Moreover, the size of restorations in clinical trials is oftentimes 
limited, and cases involving deep subgingival margins or cusp replacement are excluded. 
This is understandable as RCTs aim to remove confounding variables, but might also be 
linked to sponsors and funders of clinical research wishing to see positive outcomes from 
expensive studies. Dentists, however, face such challenges on a daily basis, and need 
meaningful research data to guide them in their adoption, or rejection of new materials 
and techniques.
3.5  Long-term longevity studies
Studies planned with less than 2–3 years observation time have limited clinical relevance 
as most, modern day materials will be able to perform satisfactorily for that length of time 
in clinical service [21,32]. Moreover, one of the most important reasons for restoration failure, 
secondary caries, tends to occur after more than 2–3 years in clinical service [28]. Future 
studies should compare materials or treatments over a relevant timeframe.
4  Outcomes and outcome measures
As described, most clinical trials on restorative materials use standardised criteria, applied 
by calibrated observers, which yield minute differences between materials or treatments 
on a range of aspects (colour, margin, surface behaviour etc.) [20,26]. Moreover, they often 
deem specific situations as requiring replacement (the Ryge criteria, for example, include 
Charlie and Delta ratings, indicating that restorations need immediate replacement or 
replacement in the near future). In clinical dental practice however, the replacement of a 
restoration depends not only on the status of the restored tooth but also on the oral and 
general health of the individual patient, risk assessment outcomes, and, last but not least, 
informed consent of the patient. Given that restorations nowadays are often monitored, 
refurbished or repaired, even those rated Charlie or Delta might continue to function (i.e. 
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remain in clinical service) for many years. As well defined standardised criteria are the 
key to compare the clinical status of restorations over time, the FDI criteria might be an 
alternative, and could even be simplified by merging grade 1–3 to one grade – clinically 
satisfactory. Similarly, not all FDI criteria need to be used in all studies; in fact, single 
criteria can be selected for the specific goal of the study and the remaining criteria could 
be omitted (e.g. aesthetics).
Alternative to Ryge or FDI criteria, the functional presence of a restoration may be viewed 
as critical, indicating that a restoration is still functioning in the mouth (success) or 
has been replaced or repaired (failure). This method is used in practice based studies, 
prospective as well as retrospective [27–29,33] but lacks detailed quality assessment of 
a restoration. It is highly dependent on the treating dentist and the criteria he or she 
uses to decide whether a restoration needs to be replaced or not. Therefore, the reasons 
for failure or replacement, and the criteria used for such decision need to be recorded. 
When it comes to defining what is a success and a failure, Anusavice [34] suggest that a 
restoration is “successful” if no intervention is indicated, and a “failure”, when the entire 
restoration must be replaced or the tooth extracted. A third category is restorations that 
are repaired or received endodontic treatment with the restoration remaining in place; 
these are classified as “survived” [32]. For direct restorations, previously all interventions 
were considered indicative of failure, including repairs where the original restoration is 
still (at least in large part) in place. For standardisation reasons, and to be able to compare 
longevity of direct and indirect restorations, it would be good to use the same definitions 
of success, survival and failure for all types of restorations:
1  Success: at evaluation, the restoration is still functioning and no intervention (repair or 
replacement) is indicated. In this regard, refurbishment, recontouring and polishing is 
not considered to be an intervention.
2  Survival: a restoration requires repair. This category would also include teeth that 
require endodontic intervention, but with the restoration remaining in place, with the 
access opening restored following the endodontic therapy.
3  Failure: cases where a restoration must be replaced or the tooth removed for reason 
related to the restorations, such as tooth fracture, but unrelated to periodontal health 
or trauma.
4  If a restoration is removed for reasons unrelated to material performance; for example, 
an abutment tooth for a bridge or a tooth removed for periodontal reasons, the event 
may be noted but not recorded as a failure, resulting in censoring in the analysis.
Besides longevity, there is increasing acceptance that other outcomes, including, subjective 
judgment and material considerations by patients or practitioners are also relevant. As 
occurs in other disciplines, core outcome sets should be established for restorative trials; 
these are defined in consensus between patients, practitioners and other stakeholders 
[22,35]. The resulting sets are minimum standards of outcomes to be assessed; they help to 
report on the most relevant aspects of trials, but also prevent selective reporting [10,36].
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More recently, patient-based outcomes measures (PBOs) have been emerged as an 
important aspect to complement conventional clinical measures that have been the 
main focus of oral health research [37]. The assessment of the opinion of patients about 
their own health is a key point to evaluate the effectiveness of an intervention. In this 
way, the assessment of the impact that restorations can have on patients’ oral health-
related quality of life (OHRQoL) should be stimulated. The present digital revolution 
provides opportunities for designing new assessment methods that combine the need for 
standardisation using a well-defined list of criteria and data acquisition from electronic 
patient files and digital imaging. Intra-oral electronic photography and inspection 
of digital bitewing radiographs may provide standardised information on the quality 
of restorative work and provide insight on the application of replacement criteria by 
practitioners. New intra-oral scanning methods, including colour reproduction capacities 
have been developed, which might become important tools in future clinical studies. 
However, patients still have to attend to obtain images, so data acquisition remains 
dependent on patients being available for recall and sufficient resources to fund recall 
procedures. Also, images have to be stored securely and evaluated using sophisticated 
methodologies which are both time consuming and costly. Anyway, dentistry should start 
to put effort on the establishment of guidelines advising on how dentists should record 
clinical data and images to allow proper follow up of restorative treatments.
5  What is the ideal study design?
5.1  RCT
The randomized clinical trial is most often considered to be the ideal design for comparing 
different treatments in medicine and as a consequence, procedures and the use of 
different materials in dentistry. However, as discussed, the RCT approach has several 
disadvantages when testing restorative materials:
1  Blinding 
In RCTs, blinding of patients and researchers for the applied therapy is considered to be 
most important in the prevention of performance bias (operators perform different 
therapies differently if they know the group allocation) and detection bias (patients and 
evaluators being aware of the allocation and being more or less prone to detect or report 
differently).
However, in clinical research in restorative dentistry, e.g. in trials comparing crowns and 
fillings, blinding is impossible and the likelihood of these types of bias is inevitable, albeit 
that it may be reduced by using more operators and evaluators. The fact that patients are 
aware of the applied therapy includes the risk for sampling bias, as many patients will not 
be enrolled because they do not want to have, for example, amalgam restorations, and, as 
General discussion 97
a result, designing a clinical trial to address this still important research question [38] will 
include the risk of a non-representative sample of the population. It is acknowledged that 
many of these disadvantages apply also to non-randomized clinical studies.
2 Time of follow-up
Differences in effectiveness of therapies may only be measured after several years, as 
failure behaviour may vary -and one type of material may be more susceptible to caries 
and the other to tooth fracture on the long term [33]. As a result, long observation times 
are required, sometimes exceeding 10 years to record all relevant effects and differences. 
To maintain a population of trial participants over an extended period is very challenging. 
Attrition bias is a common phenomenon in clinical research in dentistry, making it very 
difficult to achieve long observation times in clinical trials (Table 1). Recently, results from 
two clinical trials with a long observation time were published by a Danish research group, 
but this is exceptional [39,40].
3 Inclusion bias
If inclusion criteria are not well defined, it may lead to inclusion bias, as the restorations 
are placed for a variety of different reasons including active caries, fracture due to bruxism 
and aesthetic considerations. Moreover, it is likely that in some clinical trials highly 
motivated patients with a good oral hygiene tend to be included, a feature which is seldom 
mentioned in trial reports. A typical example of this is two randomized clinical trials 
comparing the longevity of amalgam and composite restorations in young children [17,19]. 
The inclusion criteria were that children should require one or more restorations, which is 
likely oftentimes a result of primary caries, indicating high caries experience. Obviously, 
the inclusion bias is that a high risk population is investigated, but this is not mentioned 
in any of the relevant reports [11,17,41].
Table  3 – Summary of characteristics of different trial types.
Characteristics RCTs Pro- or retrospective non-randomized trials
Risk of selection bias 
Risk of performance bias 
Risk of detection bias
Risk of selective reporting
Follow-up
Risk of attrition 
Sample size and power 
External validity
Outcome measures
Costs and administrative 
efforts
Low
Probably high 
Possibly high
Low (if registered)
Usually short 
High
Usually low
Usually low (could be high 
in practice-based RCTs)
Should be relevant to all 
stakeholders
High
High 
Probably high 
Possibly high
Higher, registration possible prior conduct 
(in prospective studies) or analysis
Longer 
Low
Possibly high 
Usually high
Should be relevant to all stakeholders
Low (especially when using
routine data)
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4 Independent evaluation
To avoid reporting bias, dentists that place restorations in a clinical study should not 
evaluate their own restorations at recall. Therefore, independent evaluation is mandatory, 
making the process of clinical testing very expensive and, out of necessity often limited to 
university settings.
In Table 3, characteristics of RCTs in restorative dentistry are summarised. Given the above 
mentioned issues, alternative trial designs should be considered.
6  Retrospective longitudinal studies
For robust longevity analyses of restoration longevity, it is important that for all 
restorations placed in a certain time period, not only date and reason of failure, but also 
date of placement, and even more importantly, the assessment date for restorations 
remaining in clinical service are recorded. Comparing only the number of failed and 
remaining restorations in the comparator groups leads to erroneous conclusions [13].
When it comes to comparing restorative techniques and dental materials, retrospective 
studies run considerable risk of selection bias, as dentists invariably choose the 
restorative technique that is most appropriate for a given indication. Using data on 
cohorts of restorations placed at a different time for the same indication (i.e. composites 
in situations where amalgams had been placed in the past) might help to overcome this 
problem [33]. Accounting for recorded confounders as indicators of selection bias and 
considering them during statistical evaluation is another way of reducing the impact of 
selection bias. The reliability of patient records used for retrospective studies is highly 
dependent upon the number of individuals who remain patients and receive all their 
dental treatment in the practice(s) over extended periods of time. In situations where 
patients often change dentists, or where it is common practice to refer patients for certain 
treatments to specialists, patient files have limited value in retrospective studies.
Moreover, in retrospective studies, quality of patient files is dependent on the practice 
investigated. If the dentist who placed the restoration also decided when a restoration 
should be replaced, there is significant risk of detection – and probably also reporting 
bias. In certain studies, this risk and the risk that certain restorations may be replaced 
in another practice is overcome by independent evaluators visiting the practice [42–44], 
but this limits the number of patient records that can be analysed and greatly increases 
research logistics and costs. Typical characteristics of non-randomized and retrospective 
studies are summarised in Table 3.
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Given the opportunities afforded by intraoral, digital cameras and scanning devices, it 
is possible in the future that photographs and scans of restored teeth can be obtained 
and assessed for qualitative analysis by independent investigators, reducing the risk for 
reporting bias. This would also offer the opportunity to evaluate the influence of operators 
on the treatment result.
Furthermore, contractual, commissioning and reimbursement systems may highly 
influence the decisions of dentists and patients, significantly influencing the selection of 
materials and techniques as well as replacement decisions and, in turn, longevity.
7   Prospective longitudinal studies and pragmatically 
designed trials
Recently, a number of large prospective clinical studies, based on survival data obtained 
by the treating dentists from patients records in Scandinavian public health clinics 
and practices participating in the practice based research network in the USA have 
been published [27,28,45]. As with retrospective studies based on patient clinical records, 
reporting bias is a limitation of these prospective study designs. However, when it is 
possible to access large datasets, pragmatic study designs make it possible to compare 
the performance of different materials and restorative techniques in the primary care 
setting, assuming data, including information on all relevant potential risk factors could 
be obtained from electronic files.
8  Population-based (birth) cohort studies
In cohort studies, a group of individuals is observed for a period of time allowing the 
investigation of the effects of living life on health outcomes. The use of population-based 
samples allows extrapolation of data to the target population. Recently, data from the 
Pelotas 1982 Birth Cohort were used for analysing factors affecting the quality of posterior 
restorations [25] and the placement of amalgam or composite fillings in posterior teeth 
[46]. These studies showed that individual characteristics, such as socioeconomic status, 
type of service provided and individual caries risk, influence the longevity of posterior 
restorations. The inclusion of restoration assessment in such large multidisciplinary 
studies creates access to data on a wide range of variables pertaining aspects of dental 
care and general health and wellbeing. This is especially interesting when investigating 
patients’ risk factors. With this approach, information on events occurring in life is 
collected. However, the observational nature of cohort studies does not allow researchers 
to obtain precise data on, for example, the date of restoration placement.
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9  Statistical analysis
In the ideal RCT, all variables are standardised, with only the experimental variable differing 
between the test and control groups. In such cases, the Kaplan Meier statistical model 
helps generate survival graphs and enables comparisons between experimental groups, 
for example a log-rank test which shows if survival curves are statistically different. 
However, in RCTs not all confounding variables are perfectly balanced (accounting for 
all possible confounders during randomisation is theoretically possible, but practically 
hard to achieve). Parameters such as caries risk [33,42], bruxism [42], socioeconomic status 
[25], age [33,42], number of teeth in the dentition [19], as well as tooth type and details of the 
practitioner(s) who treated the patient [19,45] should thus be recorded during the trial and 
included in the evaluation using multi-variate analyses. In planning prospective trials, the 
estimation of the required sample size should take into account the need to undertake 
such analyses.
Oftentimes, in clinical studies in dentistry, more than one tooth is treated in participating 
patients. Multilevel statistical models are required to properly account for this clustering 
of statistical units [25,29]. Similarly, statistical evaluation should make best use of specific 
designs such as split-mouth studies, which are common in restorative trials [47,48].
10  Recommendations for future clinical studies
To further development restorative dentistry, several specific research questions are of 
central importance. Clinical trial designs should address these questions:
1  Choose a rational control 
Studies comparing new materials to their predecessors are necessary prior to the launch of 
new products. Such studies are, however, of limited priority in the quest to further develop 
restorative dentistry. Clinical studies comparing different treatment options are of much 
greater importance. Direct versus indirect restorations, tooth replacement versus tooth 
retention, restoration repair versus replacement, bridge versus implant, are all examples 
of research comparisons which need to be addressed. If trials compare materials, such 
comparisons should be made against a gold standard, not “straw men” comparators 
which yield favourable results for the material to be tested [49]. For such material testing 
trials, clear reporting of all sponsorship should be mandatory [50].
2  Choose  relevant outcome parameters 
Regardless of what is investigated, the chosen outcomes of trials should reflect what is 
most relevant to patients, dentists and other stakeholders. The use of an agreed outcome 
set for future trials would be desirable also to reduce risk of selective reporting.
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3  Include data on patient risk and interventions
Major confounders such as caries risk and bruxism should be recorded as part of trial 
methodologies and appropriately considered during analyses. The time and reasons 
for any interventions should also be recorded to allow discrimination between success, 
survival and failure, and to perform statistically valid survival analyses.
Different trial designs should be considered when planning to compare restorative 
treatments and materials: while randomised clinical trials reduce selection bias, 
their observation times are usually short and sample sizes limited. Retrospective and 
prospective practice based studies circumvent these limitations, but have considerable 
risk of indication bias and confounding which need to be dealt with appropriately. Perhaps 
the answer lies in coordinated, multicentre studies of different design, no one design 
being capable of yielding all the required outcomes. Whatever the way forward funders 
and sponsors of clinical research in restorative dentistry should encourage investigators 
to come forward with new innovative approaches to answers priority questions.
Appendix A. Supplementary data
Supplementary data associated with this arti cle can be found, in the online version, at 
http://dx.doi.org/10.1016/j.dental.2017.08.187.
102 Chapter 6
References
[1] Chandler HH, Bowen RL, Paffenbarger GC, Mullineaux AL. Clinical evaluation of a 
radiopaque composite restorative material after three and a half years. J Dent Res 
1973;52:1128–37.
[2] Osborne JW, Gale EN, Ferguson GW. One-yer and two-year clinical evaluation of a 
composite resin vs. amalgam. J Prosthet Dent 1973;30:795–800.
[3] Liatukas EL. A clinical investigation of composite resin restorations in anterior teeth. 
J Prosth Dent 1972;27:616–21.
[4] Ryge G. Clinical criteria. Int Dent J 1980;30:347–58.
[5] Ryge G, Snyder M. Evaluating the clinical quality of restorations. J Am Dent Assoc 
1973;87:369–77.
[6] Hickel R, Peschke A, Tyas M, Mjor I, Bayne S, Peters M, et al. FDI World Dental 
Federation: clinical criteria for the evaluation of direct and indirect restorations-
update and clinical examples. Clin Oral Investig 2010;14:349–66.
[7] Hickel R, Roulet JF, Bayne S, Heintze SD, Mjor IA, Peters M, et al. Recommendations 
for conducting controlled clinical studies of dental restorative materials. Science 
Committee Project 2/98—FDI World Dental Federation study design (Part I) and 
criteria for evaluation (Part II) of direct and indirect restorations including onlays and 
partial crowns. J Adhes Dent 2007;9(Suppl. 1):121–47.
[8] Hickel R, Roulet JF, Bayne S, Heintze SD, Mjor IA, Peters M, et al. Recommendations 
for conducting controlled clinical studies of dental restorative materials. Int Dent J 
2007;57:300–2.
[9] Hickel R, Roulet JF, Bayne S, Heintze SD, Mjor IA, Peters M, et al. Recommendations 
for conducting controlled clinical studies of dental restorative materials. Clin Oral 
Investig 2007;11:5–33.
[10] Schwendicke F, Lamont T, Innes N. Outcomes in Trials for Management of Caries 
Lesions (OuTMaC): protocol. Trials 2015;16:397.
[11] Göstemeyer G, Blunck U, Paris S, Schwendicke F. Design and validity of randomized 
controlled dental restorative trials. Materials (Basel) 2016;9:316.
[12] Ioannidis JP, Greenland S, Hlatky MA, Khoury MJ, Macleod MR, Moher D, et al. 
Increasing value and reducing waste in research design, conduct, and analysis. 
Lancet 2014;383:166–75.
[13] Opdam NJ, Bronkhorst EM, Cenci MS, Huysmans MC, Wilson NH. Age of failed 
restorations: a deceptive longevity parameter. J. Dent 2011;39:225–30.
[14] Ozcan M. Lost in translation? J Adhes Dent 2014;16:403.
[15] Manhart J, Chen H, Hamm G, Hickel R. Buonocore Memorial Lecture: review of 
the clinical survival of direct and indirect restorations in posterior teeth of the 
permanent dentition. Oper Dent 2004;29:481–508.
[16] Schwendicke F, Gostemeyer G, Gluud C. Cavity lining after excavating caries lesions: 
meta-analysis and trial sequential analysis of randomized clinical trials. J Dent 
2015;43:1291–7.
General discussion 103
[17] Soncini JA, Maserejian NN, Trachtenberg F, Tavares M, Hayes C. The longevity of 
amalgam versus compomer/composite restorations in posterior primary and 
permanent teeth: findings from the New England Children’s Amalgam Trial. J Am 
Dent Assoc 2007;138:763–72.
[18] Gordan VV, Riley 3rd JL, Rindal DB, Qvist V, Fellows JL, Dilbone DA, et al. Repair or 
replacement of restorations: a prospective cohort study by dentists in The National 
Dental Practice-Based Research Network. J Am Dent Assoc 2015;146:895–903.
[19] Bernardo M, Luis H, Martin MD, Leroux BG, Rue T, Leitao J, et al. Survival and 
reasons for failure of amalgam versus composite posterior restorations placed in a 
randomized clinical trial. J Am Dent Assoc 2007;138:775–83.
[20] Heintze SD, Rousson V. Clinical effectiveness of direct class II restorations — a meta-
analysis. J Adhes Dent 2012;14:407–31.
[21] van Dijken JW. Three-year performance of a calcium-, fluoride-, and hydroxyl-ions-
releasing resin composite. Acta Odontol Scand 2002;60:155–9.
[22] Smail-Faugeron V, Fron Chabouis H, Durieux P, Attal JP, Muller-Bolla M, Courson 
F. Development of a core set of outcomes for randomized controlled trials with 
multiple outcomes—example of pulp treatments of primary teeth for extensive 
decay in children. PLoS One 2013;8:e51908.
[23] Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon E, et al. 
Developing core outcome sets for clinical trials: issues to consider. Trials 2012;13:132.
[24] Schwendicke F, Goestemeyer G, Gluud C. Cavity lining after excavating caries lesions: 
meta-analysis and trial sequential analysis of randomized clinical trials. J Dent 
2015;43(11):1291–7.
[25] Correa MB, Peres MA, Peres KG, Horta BL, Barros AJ, Demarco FF. Do socioeconomic 
determinants affect the quality of posterior dental restorations: a multilevel 
approach. J Dent 2013;41:960–7.
[26] Heintze SD, Ruffieux C, Rousson V. Clinical performance of cervical restorations—a 
meta-analysis. Dent Mater 2010;26:993–1000.
[27] Kopperud SE, Tveit AB, Gaarden T, Sandvik L, Espelid I. Longevity of posterior dental 
restorations and reasons for failure. Eur J Oral Sci 2012;120:539–48.
[28] Pallesen U, van Dijken JW, Halken J, Hallonsten AL, Hoigaard R. Longevity of posterior 
resin composite restorations in permanent teeth in Public Dental Health Service: a 
prospective 8 years follow up. J Dent 2013;41:297–306.
[29] Collares K, Correa MB, Laske M, Kramer E, Reiss B, Moraes RR, et al. A practice-based 
research network on the survival of ceramic inlay/onlay restorations. Dent Mater 
2016;32:687–94.
[30] Deliperi S, Bardwell DN, Alleman D. Clinical evaluation of stress-reducing direct 
composite restorations in structurally compromised molars: a 2-year report. Oper 
Dent 2012;37:109–16.
[31] Kramer N, Garcia-Godoy F, Reinelt C, Feilzer AJ, Frankenberger R. Nanohybrid vs: fine 
hybrid composite in extended class II cavities after six years. Dent Mater 2011;27:455–
64.
104 Chapter 6
[32] Kramer N, Garcia-Godoy F, Frankenberger R. Evaluation of resin composite materials: 
part II: in vivo investigations. Am J Dent 2005;18:75–81.
[33] Opdam NJ, Bronkhorst EM, Loomans BA, Huysmans MC. 12-year survival of 
composite vs: amalgam restorations. J Dent Res 2010;89:1063–7.
[34] Anusavice KJ. Standardizing failure, success, and survival decisions in clinical studies 
of ceramic and metal-ceramic fixed dental prostheses. Dent Mater 2012;28:102–11.
[35] Williamson P, Altman D, Blazeby J, Clarke M, Devane D, Gargon E, et al. Developing 
core outcome sets for clinical trials: issues to consider. Trials 2012;13:132.
[36] Lamont T, Schwendicke F, Innes N. Why we need a core outcome set for trials of 
interventions for prevention and management of caries. Evid Based Dent 2015;16:66–
8.
[37] Tsakos G, Allen PF, Steele JG, Locker D. Interpreting oral health-related quality of life 
data. Community Dent Oral Epidemiol 2012;40:193–200.
[38] Rasines Alcaraz MG, Veitz-Keenan A, Sahrmann P, Schmidlin PR, Davis D, Iheozor-
Ejiofor Z. Direct composite resin fillings versus amalgam fillings for permanent or 
adult posterior teeth. Cochrane Database Syst Rev 2014;3:CD005620.
[39] Pallesen U, van Dijken JW. A randomized controlled 27 years follow up of three resin 
composites in class II restorations. J Dent 2015;43:1547–58.
[40] Pallesen U, van Dijken JW. A randomized controlled 30 years follow up of three 
conventional resin composites in class II restorations. Dent Mater 2015;31:1232–44.
[41] Schwendicke F, Blunck U, Paris S, Gostemeyer G. Choice of comparator in restorative 
trials: a network analysis. Dent Mater 2015;31:1502–9.
[42] van de Sande FH, Opdam NJ, Rodolpho PA, Correa MB, Demarco FF, Cenci MS. 
Patient risk factors’ influence on survival of posterior composites. J Dent Res 
2013;92:78s–83s.
[43] Da Rosa Rodolpho PA, Donassollo TA, Cenci MS, Loguercio AD, Moraes RR, Bronkhorst 
EM, et al. 22-Year clinical evaluation of the performance of two posterior composites 
with different filler characteristics. Dent Mater 2011;27:955–63.
[44] Baldissera RA, Correa MB, Schuch HS, Collares K, Nascimento GG, Jardim PS, et al. 
Are there universal restorative composites for anterior and posterior teeth. J Dent 
2013;41:1027–35.
[45] McCracken MS, Gordan VV, Litaker MS, Funkhouser E, Fellows JL, Shamp DG, et al. A 
24-month evaluation of amalgam and resin-based composite restorations: findings 
from The National Dental Practice-Based Research Network. J Am Dent Assoc 
2013;144:583–93.
[46] Correa MB, Peres MA, Peres KG, Horta BL, Barros AD, Demarco FF. Amalgam or 
composite resin: factors influencing the choice of restorative material. J Dent 
2012;40:703–10.
[47] Göstemeyer G, Blunck U, Paris S, Schwendicke F. Design and validity of randomized 
controlled dental restorative trials. Materials 2016;9:316, http://dx.doi.org/10.3390/
ma9050372.
General discussion 105
[48] Lesaffre E, Philstrom B, Needleman I, Worthington H. The design and analysis 
of split-mouth studies: what statisticians and clinicians should know. Stat Med 
2009;28:3470–82.
[49] Schwendicke F, Blunck U, Paris S, Gostemeyer G. Choice of comparator in restorative 
trials: a network analysis. Dent Mater 2015;31(12):1502–9.
[50] Schwendicke F, Tu YK, Blunck U, Paris P, Göstemeyer G. Effect of industry sponsorship 
on dental restorative trials. J Dent Res 2016;95(1):9–16.
[51] Andrade AK, Duarte RM, Silva FD, Batista AU, Lima KC, Pontual ML, et al. Clinical 
evaluation of nanofill and nanohybrid composite in class I restorations: a 12-month 
randomized trial. Gen Dent 2012;60:e255–62.
[52] Baracco B, Perdigao J, Cabrera E, Ceballos L. Two-year clinical performance of a low-
shrinkage composite in posterior restorations. Oper Dent 2013;38:591–600.
[53] Baracco B, Perdigao J, Cabrera E, Giraldez I, Ceballos L. Clinical evaluation of a 
low-shrinkage composite in posterior restorations: one-year results. Oper Dent 
2012;37:117–29.
[54] Bartlett D, Sundaram G. An up to 3-year randomized clinical study comparing 
indirect and direct resin composites used to restore worn posterior teeth. Int J 
Prosthodont 2006;19:613–7.
[55] Beck F, Dumitrescu N, Konig F, Graf A, Bauer P, Sperr W, et al. One-year evaluation of 
two hybrid composites placed in a randomized-controlled clinical trial. Dent Mater 
2014;30:824–38.
[56] Bekes K, Boeckler L, Gernhardt CR, Schaller HG. Clinical performance of a self-etching 
and a total-etch adhesive system — 2-year results. J Oral Rehabil 2007;34:855–61.
[57] Boeckler A, Boeckler L, Eppendorf K, Schaller HG, Gernhardt CR. A prospective, 
randomized clinical trial of a two-step self-etching vs two-step etch-and-rinse 
adhesive and SEM margin analysis: four-year results. J Adhes Dent 2012;14:585–92.
[58] Boeckler A, Schaller HG, Gernhardt CR. A prospective, double-blind, randomized 
clinical trial of a one-step, self-etch adhesive with and without an intermediary layer 
of a flowable composite: a 2-year evaluation. Quintessence Int 2012;43:279–86.
[59] Bottenberg P, Alaerts M, Keulemans F. A prospective randomised clinical trial of one 
bis-GMA-based and two ormocer-based composite restorative systems in class II 
cavities: three-year results. J Dent 2007;35:163–71.
[60] Dresch W, Volpato S, Gomes JC, Ribeiro NR, Reis A, Loguercio AD. Clinical evaluation 
of a nanofilled composite in posterior teeth: 12-month results. Oper Dent 
2006;31:409–17.
[61] Ergucu Z, Turkun LS. Clinical performance of novel resin composites in posterior 
teeth: 18-month results. J Adhes Dent 2007;9:209–16.
[62] Ernst CP, Brandenbusch M, Meyer G, Canbek K, Gottschalk F, Willershausen B. Two-
year clinical performance of a nanofiller vs a fine-particle hybrid resin composite. 
Clin Oral Investig 2006;10:119–25.
[63] Frankenberger R, Reinelt C, Kramer N. Nanohybrid vs. fine hybrid composite in 
extended class II cavities: 8-year results. Clin Oral Investig 2014;18:125–37.
106 Chapter 6
[64] Goncalves FS, Leal CD, Bueno AC, Freitas AB, Moreira AN, Magalhaes CS. A double-
blind randomized clinical trial of a silorane-based resin composite in class 2 
restorations: 18-month follow-up. Am J Dent 2013;26:93–8.
[65] Koubi G, Colon P, Franquin JC, Hartmann A, Richard G, Faure MO, et al. Clinical 
evaluation of the performance and safety of a new dentine substitute, Biodentine, 
in the restoration of posterior teeth — a prospective study. Clin Oral Investig 
2013;17:243–9.
[66] Kramer N, Reinelt C, Garcia-Godoy F, Taschner M, Petschelt A, Frankenberger R. 
Nanohybrid composite vs: fine hybrid composite in extended class II cavities: clinical 
and microscopic results after 2 years. Am J Dent 2009;22:228–34.
[67] Kramer N, Reinelt C, Richter G, Petschelt A, Frankenberger R. Nanohybrid vs: fine 
hybrid composite in class II cavities: clinical results and margin analysis after four 
years. Dent Mater 2009;25:750–9.
[68] Manhart J, Chen HY, Hickel R. Three-year results of a randomized controlled clinical 
trial of the posterior composite QuiXfil in class I and II cavities. Clin Oral Investig 
2009;13:301–7.
[69] Manhart J, Chen HY, Hickel R. Clinical evaluation of the posterior composite Quixfil in 
class I and II cavities: 4-year follow-up of a randomized controlled trial. J Adhes Dent 
2010;12:237–43.
[70] Schirrmeister JF, Huber K, Hellwig E, Hahn P. Two-year evaluation of a new nano-
ceramic restorative material. Clin Oral Investig 2006;10:181–6.
[71] Schirrmeister JF, Huber K, Hellwig E, Hahn P. Four-year evaluation of a resin 
composite including nanofillers in posterior cavities. J Adhes Dent 2009;11:399–404.
[72] Shi L, Wang X, Zhao Q, Zhang Y, Zhang L, Ren Y, et al. Evaluation of packable and 
conventional hybrid resin composites in class I restorations: three-year results of a 
randomized, double-blind and controlled clinical trial. Oper Dent 2010;35:11–9.
[73] Swift Jr EJ, Ritter AV, Heymann HO, Sturdevant JR, Wilder Jr AD. 36-month clinical 
evaluation of two adhesives and microhybrid resin composites in class I restorations. 
Am J Dent 2008;21:148–52.
[74] van Dijken JW, Pallesen U. A randomized 10-year prospective follow-up of class II 
nanohybrid and conventional hybrid resin composite restorations. J Adhes Dent 
2014;16:585–92.
[75] Yazici AR, Ustunkol I, Ozgunaltay G, Dayangac B. Three-year clinical evaluation of 
different restorative resins in class I restorations. Oper Dent 2014;39:248–55.
[76] Manhart J, Chen HY, Neuerer P, Thiele L, Jaensch B, Hickel R. Clinical performance of 
the posterior composite QuiXfil after 3, 6, and 18 months in class 1 and 2 cavities. 
Quintessence Int 2008;39:757–65.
[77] Rho YJ, Namgung C, Jin BH, Lim BS, Cho BH. Longevity of direct restorations in stress-
bearing posterior cavities: a retrospective study. Oper Dent 2013;38:572–82.
[78] Cetin AR, Unlu N. One-year clinical evaluation of direct nanofilled and indirect 
composite restorations in posterior teeth. Dent Mater J 2009;28:620–6.
General discussion 107
[79] Demarco FF, Cenci MS, Lima FG, Donassollo TA, Andre Dde A, Leida FL. Class II 
composite restorations with metallic and translucent matrices: 2-year follow-up 
findings. J Dent 2007;35:231–7.
[80] Demarco FF, Pereira-Cenci T, de Almeida Andre D, de Sousa Barbosa RP, Piva E, Cenci 
MS. Effects of metallic or translucent matrices for class II composite restorations: 
4-year clinical follow-up findings. Clin Oral Investig 2011;15:39–47.
[81] Lindberg A, van Dijken JW, Lindberg M. Nine-year evaluation of a polyacid-modified 
resin composite/resin composite open sandwich technique in class II cavities. J Dent 
2007;35:124–9.
[82] Loguercio AD, Reis A, Hernandez PA, Macedo RP, Busato AL. 3-Year clinical evaluation 
of posterior packable composite resin restorations. J Oral Rehabil 2006;33:144–51.
[83] Pazinatto FB, Gionordoli Neto R, Wang L, Mondelli J, Mondelli RF, Navarro MF. 
56-month clinical performance of class I and II resin composite restorations. J Appl 
Oral Sci 2012;20:323–8.
[84] Poon EC, Smales RJ, Yip KH. Clinical evaluation of packable and conventional 
hybrid posterior resin-based composites: results at 3.5 years. J Am Dent Assoc 
2005;136:1533–40.
[85] Sadeghi M, Lynch CD, Shahamat N. Eighteen-month clinical evaluation of 
microhybrid, packable and nanofilled resin composites in class I restorations. J Oral 
Rehabil 2010;37:532–7.
[86] Stefanski S, van Dijken JW. Clinical performance of a nanofilled resin composite with 
and without an intermediary layer of flowable composite: a 2-year evaluation. Clin 
Oral Investig 2012;16:147–53.
[87] Sundfeld RH, Scatolin RS, Oliveira FG, Machado LS, Alexandre RS, Sundefeld ML. 
One-year clinical evaluation of composite restorations in posterior teeth: effect of 
adhesive systems. Oper Dent 2012;37:E1–8.
[88] van Dijken JW. Durability of resin composite restorations in high C-factor cavities: a 
12-year follow-up. J Dent 2010;38:469–74.
[89] van Dijken JW. A 6-year prospective evaluation of a one-step HEMA-free self-etching 
adhesive in class II restorations. Dent Mater 2013;29:1116–22.
[90]  van Dijken JW, Lindberg A. Clinical effectiveness of a low-shrinkage resin composite: 
a five-year evaluation. J Adhes Dent 2009;11:143–8.
[91] van Dijken JW, Pallesen U. Clinical performance of a hybrid resin composite with and 
without an intermediate layer of flowable resin composite: a 7-year evaluation. Dent 
Mater 2011;27:150–6.
[92] van Dijken JW, Pallesen U. Four-year clinical evaluation of class II nano-hybrid resin 
composite restorations bonded with a one-step self-etch and a two-step etch-and-
rinse adhesive. J Dent 2011;39:16–25.
[93] van Dijken JW, Pallesen U. A six-year prospective randomized study of a nano-hybrid 
and a conventional hybrid resin composite in class II restorations. Dent Mater 
2013;29:191–8.
108 Chapter 6
[94] van Dijken JW, Pallesen U. Randomized 3-year clinical evaluation of class I and II 
posterior resin restorations placed with a bulk-fill resin composite and a one-step 
self-etching adhesive. J Adhes Dent 2015;17:81–8.
[95] Van Dijken JW, Sunnegardh-Gronberg K. A four-year clinical evaluation of a highly 
filled hybrid resin composite in posterior cavities. J Adhes Dent 2005;7:343–9.
[96] van Dijken JW, Sunnegardh-Gronberg K. Fiber-reinforced packable resin composites 
in class II cavities. J Dent 2006;34:763–9.
[97] Adolphi G, Zehnder M, Bachmann LM, Gohring TN. Direct resin composite 
restorations in vital versus root-filled posterior teeth: a controlled comparative long-
term follow-up. Oper Dent 2007;32:437–42.
[98] Al-Samhan A, Al-Enezi H, Alomari Q. Clinical evaluation of posterior resin composite 
restorations placed by dental students of Kuwait University. Med Princ Pract 
2010;19:299–304.
[99] da Rosa Rodolpho PA, Cenci MS, Donassollo TA, Loguercio AD, Demarco FF. A clinical 
evaluation of posterior composite restorations: 17-year findings. J Dent 2006;34:427–
35.
[100] Moura FR, Romano AR, Lund RG, Piva E, Rodrigues Jr SA, Demarco FF. Three-year 
clinical performance of composite restorations placed by undergraduate dental 
students. Braz Dent J 2011;22:111–6.
[101] Opdam NJ, Bronkhorst EM, Roeters JM, Loomans BA. Longevity and reasons for 
failure of sandwich and total-etch posterior composite resin restorations. J Adhes 
Dent 2007;9:469–75.
[102] Opdam NJ, Bronkhorst EM, Roeters JM, Loomans BA. A retrospective clinical study on 
longevity of posterior composite and amalgam restorations. Dent Mater 2007;23:2–
8.
[103] Vahanikkila H, Kakilehto T, Pihlaja J, Pakkila J, Tjaderhane L, Suni J, et al. A data-based 
study on survival of permanent molar restorations in adolescents. Acta Odontol 
Scand 2014;72:380–5.
[104] Arhun N, Celik C, Yamanel K. Clinical evaluation of resin-based composites in 
posterior restorations: two-year results. Oper Dent 2010;35:397–404.
[105] Banomyong D, Harnirattisai C, Burrow MF. Posterior resin composite restorations 
with or without resin-modified, glass-ionomer cement lining: a 1-year randomized, 
clinical trial. J Invest Clin Dent 2011;2:63–9.
[106] Brackett WW, Browning WD, Brackett MG, Callan RS, Blalock JS. Effect of restoration 
size on the clinical performance of posterior packable resin composites over 18 
months. Oper Dent 2007;32:212–6.
[107] Browning WD, Myers ML, Chan DC, Downey MC, Pohjola RM, Frazier KB. Performance 
of 2 packable composites at 12 months. Quintessence Int 2006;37:361–8.
[108] Celik C, Arhun N, Yamanel K. Clinical evaluation of resin-based composites in 
posterior restorations: a 3-year study. Med Princ Pract 2014;23:453–9.
[109] Cetin AR, Unlu N, Cobanoglu N. A five-year clinical evaluation of direct nanofilled and 
indirect composite resin restorations in posterior teeth. Oper Dent 2013;38:E1–11.
General discussion 109
[110] de Souza FB, Guimaraes RP, Silva CH. A clinical evaluation of packable and 
microhybrid resin composite restorations: one-year report. Quintessence Int 
2005;36:41–8.
[111] Efes BG, Dorter C, Gomec Y. Clinical evaluation of an ormocer, a nanofill composite 
and a hybrid composite at 2 years. Am J Dent 2006;19:236–40.
[112] Efes BG, Dorter C, Gomec Y, Koray F. Two-year clinical evaluation of ormocer and 
nanofill composite with and without a flowable liner. J Adhes Dent 2006;8:119–26.
[113] Ermis RB, Kam O, Celik EU, Temel UB. Clinical evaluation of a two-step etch&rinse 
and a two-step self-etch adhesive system in class II restorations: two-year results. 
Oper Dent 2009;34:656–63.
[114] Fagundes TC, Barata TJ, Bresciani E, Cefaly DF, Jorge MF, Navarro MF. Clinical 
evaluation of two packable posterior composites: 2-year follow-up. Clin Oral Investig 
2006;10:197–203.
[115] Fagundes TC, Barata TJ, Carvalho CA, Franco EB, van Dijken JW, Navarro MF. Clinical 
evaluation of two packable posterior composites: a five-year follow-up. J Am Dent 
Assoc 2009;140:447–54.
[116] Fennis WM, Kuijs RH, Roeters FJ, Creugers NH, Kreulen CM. Randomized control trial 
of composite cuspal restorations: five-year results. J Dent Res 2014;93:36–41.
[117] Gianordoli Neto R, Santiago SL, Mendonca JS, Passos VF, Lauris JR, Navarro MF. One 
year clinical evaluation of two different types of composite resins in posterior teeth. 
J Contemp Dent Pract 2008;9:26–33.
[118] Lange RT, Pfeiffer P. Clinical evaluation of ceramic inlays compared to composite 
restorations. Oper Dent 2009;34:263–72.
[119]  Mahmoud SH, Ali AK, Hegazi HA. A three-year prospective randomized study 
of siloraneand methacrylate-based composite restorative systems in class II 
restorations. J Adhes Dent 2014;16:285–92.
[120] Mahmoud SH, El-Embaby AE, AbdAllah AM. Clinical performance of ormocer, 
nanofilled, and nanoceramic resin composites in class I and class II restorations: a 
three-year evaluation. Oper Dent 2014;39:32–42.
[121] Mahmoud SH, El-Embaby AE, AbdAllah AM, Hamama HH. Two-year clinical 
evaluation of ormocer, nanohybrid and nanofill composite restorative systems in 
posterior teeth. J Adhes Dent 2008;10:315–22.
[122] Monteiro PM, Manso MC, Gavinha S, Melo P. Two-year clinical evaluation of packable 
and nanostructured resin-based composites placed with two techniques. J Am Dent 
Assoc 2010;141:319–29.
[123] Ozakar-Ilday N, Zorba YO, Yildiz M, Erdem V, Seven N, Demirbuga S. Three-year 
clinical performance of two indirect composite inlays compared to direct composite 
restorations. Med Oral Patol Oral Cir Bucal 2013;18:e521–8.
[124] Perdigao J, Dutra-Correa M, Anauate-Netto C, Castilhos N, Carmo AR, Lewgoy HR, et 
al. Two-year clinical evaluation of self-etching adhesives in posterior restorations. J 
Adhes Dent 2009;11:149–59.
110 Chapter 6
[125] Spreafico RC, Krejci I, Dietschi D. Clinical performance and marginal adaptation of 
class II direct and semidirect composite restorations over 3.5 years in vivo. J Dent 
2005;33:499–507.
[126] Walter R, Boushell LW, Heymann HO, Ritter AV, Sturdevant JR, Wilder Jr AD, et al. 
Three-year clinical evaluation of a silorane composite resin. J Esthet Restor Dent 
2014;26:179–90.


 113
Summary 
 
The main objective of this thesis was to present different PBR study designs in restorative 
dentistry. Considering the variability of designs available for practice based research 
studies in restorative dentistry. I was discussed advantages and disadvantages and showed 
the different outcomes that they can provide. Lastly, it was given some recommendations 
for future design for clinical studies on restoration longevity. 
Chapter 1 presents an overview about clinical studies in restorative dentistry. 
Methodological aspects of randomized clinical trials and practice-based research were 
compared, being exposed advantages and disadvantages of each study design. Different 
practice-based research possibility, which are applied to restorative longevity study, are 
discussed.
The web-based practice-based research network in Chapter 2 evaluated prospectively the 
longevity of ceramic inlay/onlay restorations and to investigated risk factors associated 
with restoration failures. Data were collected by a practice-based research network called 
Ceramic Success Analysis (CSA). 5791 inlay/onlay ceramic restorations were placed in 
5523 patients by 167 dentists between 1994 and 2014 in their dental practices. For each 
restoration, dentist report specific information related to the tooth, procedures and 
materials used. Annual failure rates (AFRs) were calculated and variables associated with 
failure were assessed by a multivariate Cox-regression analysis with shared frailty. The 
mean observation time was 3 years (maximum 15 years) of clinical service, and AFRs at 3 
and 10 years follow up were calculated as 1.0% and 1.6%. Restorations with cervical outline 
in dentin showed a 78% higher risk for failure compared to restorations with margins 
in enamel. The presence of a liner or base of glass-ionomer cement resulted in a risk for 
failure twice as large as that of restorations without liner or base material. Restorations 
performed with simplified adhesive systems (2-step etch-and-rinse and 1-step self-etch) 
presented a risk of failure 142% higher than restorations performed with adhesives with 
bonding resin as a separate step (3-step etch-and-rinse and 2-step self-etch). 
In the Chapter 3, a practice-based study based in electronic patient files investigated 
the performance of a large set of anterior composite restorations placed by a group of 
24 general practices. The longevity of 72,196 composite restorations was analyzed, as 
placed in 29,855 patients by 47 general dental practitioners between 1996 and 2011. Annual 
failure rates (AFRs) were calculated, and variables associated with failure were assessed 
by multivariate Cox regression analysis with shared frailty for 2 patient groups (5 to 24 
y and ≥25 y). The observation time of restorations varied from 2 wk to 13 y, with a mean 
of 4.8 y, resulting in a mean AFR of 4.6% at 5 y. Among dentists, a relevant variation in 
clinical performance of restorations was observed, with an AFR between 2% and 11%. The 
risk for restoration failure increased in individuals up to 12 y old, having a 17% higher risk 
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for failure when compared with the age group of 18 to 25 y, and for the age group >65 y, 
having a 81% higher risk for failure when compared with 25 to 35 y. In both multivariate 
models, there was a difference in longevity of restorations for different teeth in the arch, 
with fillings in central incisors being the most prone to failure and to replace. 
The retrospective longitudinal study of Chapter 4 aimed to assess the longevity of single 
unit crowns placed by several dentists and to investigate risk factors associated with 
crown failures. From the electronic patient files and additional check by researchers on 
site, longevity of 3404 full crown restorations placed in 1557 patients by 8 Dutch dentists 
between 1996 and 2011 were analyzed. Annual failure rates (AFRs) were calculated and 
variables associated with failure (success and survival of crowns) were assessed by 
multivariate Cox-regressions analysis with shared frailty for patients. Most of crowns were 
porcelain fused to metal crowns (63.8%) placed in molars (58.1%) and non endodontically 
treated teeth (65.4%). The observation time of restorations varied from 3 weeks to 11 
years with a mean of 7 years, resulting in a mean AFR at 11 years of 2.1% and 0.7% for 
success and survival of crowns, respectively. Among dentists a relevant variation for 
type of interventions was observed with AFR varying between 1.2% and 3.5%. The most 
significant risk factor for failure of crowns was the presence of an endodontic treatment, 
resulting in Hazard ratios of 1.31 for success and 1.89 for survival of crowns. Tooth type, 
tooth position (jaw) and gender showed also a significant influence on success of crowns. 
For survival, increase in patients’ age results in a higher risk for failure.
In the Chapter 5, the quality of posterior restorations (amalgam or composite) placed 
in adults from a birth cohort study were evaluated and its association with clinical 
and socioeconomic determinants experienced during their life course were assessed. 
A representative sample (n =539) of all 5914 births occurring in Pelotas (Brazil) in 1982 
was prospectively investigated. Quality of posterior restorations (satisfactory or 
unsatisfactory) was assessed at 31 yrs old, using modified USPHS criteria. Trained and 
calibrated dentists performed clinical examination. Explanatory variables included 
demographic and socioeconomic, oral health and dental service utilization patterns 
during the life course. Tooth related variables (type of tooth, material, size of cavity) 
were also analyzed. Untreated caries and socioeconomic status were assessed by group-
based trajectories analyses. Multilevel Regression models were used to determine factors 
associated with restoration outcomes. In total 2123 restorations (53% composite) were 
evaluated of which 107 (5%) were assessed as failed. The main reasons for failure were 
tooth/restoration fracture (50.5%) and secondary caries (30.7%). Failures in posterior 
restorations showed a significant association with socioeconomic aspects (lower tertile 
of income at age 30), clinical variables (trajectory of higher untreated caries) and also with 
tooth-related factors (Restorations involving three or more surfaces) after adjustment for 
each other.
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Finally, in Chapter 6 the opinion paper aimed to discuss advantages and disadvantages 
of different study designs and outcomes for evaluating survival of dental restorations 
and to make recommendations for future study designs. Advantages and disadvantages 
of randomized trials, prospective and retrospective longitudinal studies, practice-based, 
pragmatic and cohort studies were addressed and discussed. The recommendations of 
the paper are that clinical trials should have rational control groups, include confounders 
such as patient risk factors in the data and analysis and should use outcome parameters 
relevant for profession and patients.
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Het hoofddoel van dit proefschrift was om verschillende Practice Based Research 
(PBR) designs in de restauratieve tandheelkunde te presenteren. Daarnaast werden 
aanbevelingen voor toekomstige ontwerpen voor klinische studies over de levensduur van 
restauraties gegeven. 
Hoofdstuk 1 geeft een overzicht van klinische studies in de restauratieve tandheelkunde. 
Methodologische aspecten van gerandomiseerde klinische onderzoeken en praktijk-
gericht onderzoek werden vergeleken, waarbij de voordelen en nadelen van elk onder-
zoeksontwerp werden besproken. 
Gegevens van de web-based, PBR netwerk in hoofdstuk 2 werden prospectief geëvalueerd. 
Levensduur van keramische inlay/onlay-restauraties en risicofactoren die samenhangen 
bij het falen van de restauraties zijn onderzocht. 5,791 keramische inlay/onlay-
restauraties werden tussen 1995 en 2014 in 5,233 patiënten door 167 tandartsen in hun 
tandartspraktijken geplaatst. Voor elke restauratie rapporteerde de tandarts specifieke 
informatie met betrekking tot het gebitselement, procedures en materialen. Jaarlijks 
faalpercentages (AFR’s) werden berekend en variabelen geassocieerd met falen werden 
beoordeeld door een multivariabele Cox-regressie-analyse. De gemiddelde observatietijd 
was 3 jaar (maximaal 15 jaar) en AFR’s na 3 en 10 jaar follow-up werden berekend als 1,0% 
en 1,6%. Restauraties met cervicale outline in dentine vertoonden een 78% hoger risico 
op falen in vergelijking met restauraties met de outline in glazuur. De aanwezigheid van 
een onderlaag of een basis van glasionomeer cement resulteerde in een risico op falen 
tweemaal zo groot als dat van restauraties zonder onderlaag of basis van glasionomeer. 
Restauraties uitgevoerd met vereenvoudigde adhesieve systemen (tweestaps ets-en-spoel 
en zelf-etsen in 1 stap) vertoonden een 142% hoger faalrisico dan restauraties uitgevoerd 
met een meerstaps adhesief (3-staps ets-en-spoel en twee-staps zelfets systeem).
In hoofdstuk 3 onderzocht een practice based onderzoek, op basis van elektronische 
patiëntendossiers, de prestaties van een groot aantal anterior composietrestauraties 
geplaatst binnen 24 algemene tandarts praktijken. De levensduur van 72.196 
composietrestauraties werd geanalyseerd, geplaatst in 29.855 patiënten door 47 
tandartsen tussen 1996 en 2011. Jaarlijks faalpercentages (AFR’s) werden berekend en 
variabelen geassocieerd met falen werden geanalyseerd met een multivariabele Cox-
regressie analyse, onderverdeel in 2 patiëntengroepen (5 tot 24 jaar en ≥ 25 jaar). De 
observatietijd van restauraties varieerde van 2 weken tot 13 jaar, met een gemiddelde van 
4,8 jaar, resulterend in een gemiddelde AFR van 4,6% na 5 jaar. Tussen tandartsen werd 
een relevante variatie in de klinische prestaties van restauraties waargenomen, met AFRs 
tussen 2% en 11%. Het risico op restauratie falen nam met 17% toe bij personen tot 12 jaar 
in vergelijking met de leeftijdsgroep van 18 tot 25 jaar. Daarnaast werd bij de leeftijdsgroep 
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>65 jaar, een 81% hoger risico voor restauratie falen gevonden in vergelijking met de 
leeftijdsgroep 25 tot 35 jaar. In beide multivariabele modellen was er een verschil in 
levensduur van restauraties voor verschillende elementen in de boog, waarbij vullingen in 
centrale snijtanden het meest vatbaar zijn voor restauratie falen.
De retrospectieve longitudinale studie van hoofdstuk 4 was gericht op het beoordelen van de 
levensduur en risico factoren bij het falen van kronen. Uit de elektronische patiëntendossiers 
en aanvullende data controles door onderzoekers ter plekke, werd de levensduur van 3.404 
kronen, geplaatst bij 1.557 patiënten door 8 Nederlandse tandartsen tussen 1996 en 2011, 
geanalyseerd. Jaarlijks faalpercentages (AFR’s) werden berekend en variabelen geassocieerd 
met falen (succes en overleving van kronen) werden beoordeeld door multivariabele Cox-
regressie-analyse. De meeste kronen waren metaal porselein kronen (63,8%) in molaren 
(58,1%) en niet-endodontisch behandelde elementen (65,4%). De observatietijd van de 
restauraties varieerde van 3 weken tot 11 jaar met een gemiddelde van 7 jaar, resulterend in 
een gemiddelde AFR bij 11 jaar van respectievelijk 2,1% en 0,7% voor succes en survival van 
kronen. Bij tandartsen werd een relevante variatie voor type interventies waargenomen met 
AFR variërend tussen 1,2% en 3,5%. De belangrijkste risicofactor voor het falen van kronen 
was de aanwezigheid van een endodontische behandeling, resulterend in Hazard-ratio’s van 
1,31 voor succes en 1,89 voor survival van kronen. Tandtype, tandpositie (kaak) en geslacht 
toonden ook een significante invloed op het succes van kronen. Bij survival, verhoogt een 
toename van de leeftijd van de patiënt het risico op restauratie falen.
In hoofdstuk 5 werd de kwaliteit van posterior restauraties (amalgaam of composiet) 
bij volwassenen uit een geboorte-cohortstudie geëvalueerd en werd de associatie met 
klinische en sociaaleconomische determinanten die tijdens hun levensloop werden 
ervaren beoordeeld. Een representatief sample (n=539) van alle 5.914 geboorten die in 
1982 in Pelotas (Brazilië) plaatsvonden, werd prospectief onderzocht. De kwaliteit van de 
posterior restauraties (voldoet wel of voldoet niet) werd op 31-jarige leeftijd beoordeeld 
aan de hand van gewijzigde USPHS-criteria. Getrainde en gekalibreerde tandartsen 
voerde het klinisch onderzoek uit. Geincludeerde variabelen waren demografische en 
sociaaleconomische indicatoren en orale/tandheelkundige gebruikspatronen tijdens 
de levensloop. Element gerelateerde variabelen (type tand, materiaal, grootte van de 
caviteit) werden geanalyseerd. Onbehandelde cariës en sociaaleconomische status 
werden beoordeeld met behulp van groepsgebaseerde traject analyses. Multilevel 
regressiemodellen werden gebruikt om factoren te bepalen die verband houden met 
restauratie overleving. In totaal werden 2.123 restauraties (53% composiet) geëvalueerd 
waarvan 107 (5%) als mislukt werden beoordeeld. De belangrijkste redenen voor falen 
waren een tand/ restauratie fractuur (50,5%) en secundaire cariës (30,7%). Falen van 
posterior restauraties vertoonde een significante associatie met sociaaleconomische 
aspecten (lager tertiel van het inkomen op 30-jarige leeftijd), klinische variabelen (traject 
van hogere onbehandelde cariës) en ook met tandgerelateerde factoren (restauraties met 
drie of meer restauratie vlakken).
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Tot slot, in hoofdstuk 6, had het opinie artikel de bedoeling de voor- en nadelen van 
verschillende studieontwerpen en -resultaten te bespreken voor het evalueren van de 
overleving van dentale restauraties en om aanbevelingen te doen voor toekomstige 
studieontwerpen. De voor- en nadelen van gerandomiseerde studies, prospectieve en 
retrospectieve longitudinale studies, praktijkgerichte, pragmatische en cohortstudies 
werden besproken. De aanbevelingen zijn dat klinische studies, rationele controlegroepen 
moeten hebben, confounders, zoals risicofactoren van patiënten in de gegevens en 
analyse, moet includeren en dat uitkomst parameters moeten gebruikt die relevant zijn 
voor de professie en patiënten.
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